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ABSTRACT
We explore the kinematics and orbital properties of a sample of 323 very metal-poor stars in the halo system
of the Milky Way, selected from the high-resolution spectroscopic follow-up studies of Aoki et al. and Yong
et al. The combined sample contains a significant fraction of carbon-enhanced metal-poor (CEMP) stars (22%
or 29% , depending on whether a strict or relaxed criterion is applied for this definition). Barium abundances
(or upper limits) are available for the great majority of the CEMP stars, allowing for their separation into
the CEMP-s and CEMP-no sub-classes. A new method to assign membership to the inner- and outer-halo
populations of the Milky Way is developed, making use of the integrals of motion, and applied to determine the
relative fractions of CEMP stars in these two sub-classes for each halo component. Although limited by small-
number statistics, the data suggest that the inner halo of the Milky Way exhibits a somewhat higher relative
number of CEMP-s stars than CEMP-no stars (57% vs. 43%), while the outer halo possesses a clearly higher
fraction of CEMP-no stars than CEMP-s stars (70% vs. 30%). Although larger samples of CEMP stars with
known Ba abundances are required, this result suggests that the dominant progenitors of CEMP stars in the two
halo components were different; massive stars for the outer halo, and intermediate-mass stars in the case of the
inner halo.
Subject headings: Galaxy: Evolution, Galaxy: Formation, Galaxy: Halo, Galaxy: Structure, Stars: Abun-
dances, Carbon, Surveys
1. INTRODUCTION
The halo system of the Milky Way hosts the vast majority
of the presently observed metal-poor (MP: [Fe/H]< −1.0) and
very metal-poor (VMP; [Fe/H] < −2.0) stars. These objects
are of special interest, as they preserve a fossil record of the
nucleosynthesis products of the first generations of stars that
formed shortly after the Big Bang, and hence offer a unique
opportunity to explore the early stages of galaxy formation
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and the chemical evolution of galactic halos.
1.1. The Halo System of the Milky Way
Although once thought of as a comparatively simple com-
ponent, the halo system of the Milky Way is apparently com-
plex. It comprises at least two main structural components,
the diffuse inner- and the outer-halo populations, numerous
detected sub-structures, such as streams and overdensities
(Grillmair 2009, and references therein), as well as a substan-
tial number of globular clusters. Recently, ages determined
from white dwarf cooling sequences, and other methods, have
indicated differences (of up to 2 Gyrs) in the ages of clusters
and field stars that can be associated with the inner- and outer-
halo populations (Kalirai 2012; Hansen et al. 2013a).
The dual nature of the diffuse halo was initially recognized
2 Carollo et al.
by Carollo et al. (2007, 2010, hereafter C07 and C10), based
on analyses of the kinematics of a local sample of calibration
stars from the Sloan Digital Sky Survey (SDSS; York et al.
2000; Gunn et al. 2006). These authors demonstrated that the
inner and outer halos possess different peak metallicities (in-
ner: [Fe/H] ∼ −1.6; outer: [Fe/H] ∼ −2.2), as well as differ-
ent spatial distributions, with the inner halo exhibiting a flatter
density profile than the nearly spherical outer halo. Accord-
ing to their analysis, the inner-halo component is essentially
non-rotating, while the outer-halo component exhibits a sig-
nificant retrograde signature. The velocity ellipsoids of the
populations also differ, in the sense that the outer-halo popu-
lation is clearly “hotter” than the inner-halo population.
The proposed duality of the Galactic halo has been con-
firmed by other authors, based on different data sets. For ex-
ample, de Jong et al. (2010) analysed stellar number-density
maps constructed from the “vertical” photometric stripes ob-
tained during the SEGUE-1 sub-survey of SDSS (Yanny et
al. 2009), and identified a shift in the peak stellar metallic-
ity as a function of Galactocentric distance ([Fe/H] ∼ −1.6 at
r < 15 kpc ; [Fe/H] ∼ −2.2 at r > 15-20 kpc), similar to the
shift in the peak of the MDF argued to be present by C07 and
C10, and occuring at the same halo transition radius, rHTR,2
as inferred from their kinematical analysis. Kinman et al.
(2012) identified signatures of the retrograde nature of the
outer-halo population from samples of RR Lyrae stars cho-
sen without kinematic bias, reporting that the transition from
a flattened, essentially non-rotating inner halo to a spherical,
retrograde outer halo occurs beyond about 12.5 kpc. Simi-
lar evidence for retrograde motions have been described in
Hattori et al. (2013) and Kafle et al. (2013), based on samples
of blue horizonal-branch (BHB) stars with available metallic-
ities and radial velocities from SDSS. Additional lines of evi-
dence supporting the dual halo of the Milky Way have been re-
ported by Beers et al. (2012). Most recently, An et al. (2013)
have used photometric estimates of stellar metallicity for stars
in SDSS Stripe 82 to argue that, even in the relatively nearby
volume (5-8 kpc from the Sun), the observed metallicity dis-
tribution function (MDF), coupled with the kinematics of the
local halo, is incompatible with a single population of stars.
The bimodality of the MDF in the halo system of M 31 is
now also well-established. Sarajedini et al (2012) report ev-
idence of a bimodal MDF in the halo of M31 with peaks at
[Fe/H] ∼ −1.3 and [Fe/H] ∼ −1.9. Ibata et al. (2013) found
that the metallicity of the smooth halo of M 31 decreases from
[Fe/H] ∼ −0.9 at r = 27 kpc, down to [Fe/H] ∼ −1.9 at r = 150
kpc. A similar metallicity shift is reported by Gilbert et al.
(2013) and Gilbert et al. (in preparation), who identify a clear
change in the peak in the MDF of M 31’s diffuse halo popu-
lation at around rHTR ∼ 40 kpc, from a peak of [Fe/H] ∼ −0.4
inside this radius to [Fe/H]∼ −1.5 outside this radius. Numer-
ical simulations of hierarchical galaxy formation (in particular
those including baryons; Tissera et al. 2013b, and references
therein) produce dual-halo systems that share many of the ob-
served properties of the Milky Way and M 31. For discussion
of a contrary view, see, e.g., Schönrich et al. (2011) and Beers
et al. (2012).
2 The halo transition radius is defined by Tissera et al. (2013b) to denote
the region in their simulated galaxies marking the transition from relative
dominance by the stellar inner-halo population to the stellar outer-halo popu-
lation.
1.2. Carbon-Enhanced Metal-Poor Stars in the Halo System
of the Milky Way
The distribution of carbon on iron ([C/Fe]) for halo stars
provides a clear indication of differences in the chemical
nature of the inner- and outer-halo populations. Carbon-
enhanced metal-poor (CEMP) stars have been defined as a
subset of MP and VMP stars that exhibit elevated [C/Fe]
([C/Fe] ≥ +1.0; Beers & Christlieb 2005). Other authors have
used slightly different criteria, e.g., [C/Fe] ≥ +0.7 (Aoki et al.
2007; Carollo et al. 2012; Norris et al. 2013b). In the past
two decades, it has been recognized that ∼ 15-20% of stars
with [Fe/H] < −2.0 are carbon enhanced (Beers et al. 1992;
Norris et al. 1997; Rossi et al. 1999; Beers & Christlieb 2005;
Cohen et al. 2005; Marsteller et al. 2005; Rossi et al. 2005;
Frebel et al. 2006; Lucatello et al. 2006; Norris et al. 2007;
Carollo et al. 2012; Cohen et al. 2013; Norris et al. 2013b;
Spite et al. 2013). This fraction rises to 30% for [Fe/H]
< −3.0, to 40% for [Fe/H] < −3.5, and ∼75% for [Fe/H]
< −4.0 (with the inclusion an apparently carbon-normal star
with [Fe/H] = −4.9 by Caffau et al. 2011). This increas-
ing trend of CEMP-star frequency with declining [Fe/H] is
again confirmed from the many thousands of CEMP stars
found among the several hundred thousand stars with avail-
able medium-resolution spectra from SDSS, SEGUE-1, and
SEGUE-2 (Rockosi et al., in preparation), as described by
Lee et al. (2013). It is presumably no coincidence that the
most extreme iron-deficient star known, the septa metal-
poor ([Fe/H] < −7.0) star SMSS J031300.36-670839.3, ex-
hibits both carbon enhancement and the characteristic light-
element enhancement associated with the CEMP-no class
(Keller et al. 2014).
Carollo et al. (2012) estimated [C/Fe] for the sample of
over 30,000 SDSS/SEGUE calibration stars used by C10. In
addition to the rise in the cumulative frequency of CEMP stars
at lower metallicity, they also confirmed a significant increase
in the level of carbon enrichment in CEMP stars, as a func-
tion of decreasing metallicity, growing from 〈[C/Fe]〉 ∼ +1.0
at [Fe/H] = −1.5 to 〈[C/Fe]〉 ∼ +1.7 at [Fe/H] = −2.7. In
the same paper it was shown that the carbon-on-iron distri-
bution function (CarDF) changes dramatically with increas-
ing distance from the Galactic plane. For |Z| < 5 kpc, rela-
tively few CEMP stars are identified (over all metallicities).
For distances |Z| > 5 kpc, the CarDF exhibits a strong tail
towards higher values, up to [C/Fe] > +3.0. Carollo et al.
(2012) sought to establish whether these effects are related
to metallicity, or to changes in the nature of the stellar popu-
lation with distance above the plane. In the metallicity inter-
val −2.5 < [Fe/H] ≤ −2.0, there is evidence for a significant
contrast in the frequency of CEMP stars stars that are kinema-
tially assigned to the inner- and outer-halo components, such
that FCEMPout ∼ 2×FCEMPin . The increase in the frequency of
CEMP stars with distance from the Galactic plane can then be
understood in the context of the greater fraction of outer-halo
population stars that are found farther from the plane.
In any case, the large fraction of CEMP stars at low metal-
licity indicates that significant amounts of carbon were pro-
duced in the early stages of chemical evolution in the universe.
The observed contrast of the CEMP-star fractions in the inner-
and outer-halo populations strengthen the picture that these
halo components had different origins. Carollo et al. (2012)
speculated that this could be understood if the progenitors of
stars in the outer-halo population included additional early-
universe sources of carbon production, an idea we explore
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further in the present paper.
1.2.1. CEMP Sub-Classes
Beers & Christlieb (2005) specify a nomenclature that iden-
tifies a number of sub-classes for CEMP stars. The CEMP-
s stars exhibit over-abundances of elements produced by the
so-called slow neutron-capture process, or s−process, such as
barium. These stars are the most commonly observed sub-
class of CEMP stars; around 80% of CEMP stars exhibit s-
process-element enhancements (Aoki et al. 2007), including
both the CEMP-s and CEMP-r/s sub-classes (the latter sub-
class indicates stars for which the presence of both r- and s-
process element enhancements are found). The favored sce-
nario for the production of CEMP-s (CEMP-r/s) stars is mass
transfer of carbon- and s-process-enhanced material from the
envelope of an asymptotic giant-branch (AGB) star to its
(presently observed) binary companion (e.g., Herwig 2005;
Sneden et al. 2008). Observational evidence now exists to
suggest that the CEMP-r/s stars (and other r-process-element
rich stars) were enhanced in r-process elements in their natal
gas clouds by previous generations of supernovae (SNe), and
did not require a contribution of r-process elements from a
binary companion (see Hansen et al. 2011, 2013b).
By contrast, the CEMP-no stars exhibit no strong neutron-
capture-element enhancements, and are preferentially found
at lower metallicity than the CEMP-s and CEMP-r/s stars
(Aoki et al. 2007). Possible progenitors for CEMP-no stars
include massive, rapidly rotating, mega metal-poor (MMP;
[Fe/H] < −6.0) stars, which models suggest have greatly
enhanced abundances of CNO due to distinctive internal
burning and mixing episodes, followed by strong mass
loss (Hirschi et al. 2006; Meynet et al. 2006, 2010). An-
other proposed mechanism is pollution of the interstellar
medium by so-called faint supernovae associated with the
first generations of stars, which experience extensive mix-
ing and fallback during their explosions (Umeda & Nomoto
2003, 2005; Tominaga et al. 2007, 2013; Ito et al. 2009, 2013;
Kobayashi et al. 2011; Nomoto et al. 2013).
Extant radial-velocity data support the expected differences
in the binary nature of CEMP-s (CEMP-r/s) and CEMP-
no stars. Lucatello et al. (2005) argued that multiple-epoch
radial-velocity measurements of CEMP-s stars are consistent
with essentially all CEMP-s (CEMP-r/s) stars being mem-
bers of binary systems. Although more data is desired for
CEMP-no stars, Hansen et al. (2013b) report that the fraction
of binaries among stars within this sub-class is no higher than
expected for random samples of VMP giants. Cohen et al.
(2013) and Norris et al. (2013b) reach similar conclusions,
based on their limited radial-velocity data for CEMP-no stars.
In this paper we make use of the CEMP sub-classes to ex-
plore the chemical differences between the inner- and outer-
halo components of the Galaxy. We employ a combined sam-
ple of over 300 VMP and extremely metal-poor (EMP; [Fe/H]
< −3.0) stars recently investigated by Aoki et al. (2013),
Norris et al. (2013a), Norris et al. (2013b), and Yong et al.
(2013).
Stars in this sample have available high-quality, high-
resolution spectroscopy, sufficient to enable the classification
of the CEMP stars they contain into the CEMP-s or CEMP-no
sub-classes (we do not attempt to resolve the CEMP-r/s from
the CEMP-s sub-class in this paper). We use their reported
radial velocities, distances, and (where available) proper mo-
tions in order to derive full space motions for these stars.
Then, through use of an energy and angular momentum cri-
terion to assign each CEMP star to either the inner-halo or
outer-halo population, we evaluate the relative numbers of
CEMP-s and CEMP-no stars that are likely to be associated
with each halo component.
The paper is organized as follows. Section 2 summarizes
our combined stellar sample, and describes the radial veloci-
ties, distance estimates, assembly of proper motions, and as-
signment of the CEMP sub-classes. In Section 3, the space
motions and orbital properties of the stars in our combined
sample are derived, together with the integrals of motion. This
section also describes our methods for assignment of the stars’
membership into the inner- or outer-halo populations, and re-
ports the relative numbers of CEMP-s and CEMP-no stars for
the two halo components. Finally, Section 4 considers the im-
plications of these results for the formation and evolution of
the Galactic halo populations.
2. DESCRIPTION OF THE COMBINED SAMPLE
Our dataset is assembled from the samples of stars dis-
cussed in Aoki et al. (2013), and in the series of papers by
Norris et al. (2013a), Norris et al. (2013b), and Yong et al.
(2013). For convenience, we simply refer to the first source as
the Aoki et al. sample, and the latter three sources as the Yong
et al. sample. These studies are based on high-resolution
follow-up observations of VMP and EMP targets identi-
fied in the massive SDSS-I and SDSS-II/SEGUE moderate-
resolution spectroscopic data sets, the Hamburg/ESO (HES)
objective-prism survey (Wisotzki et al. 1996; Christlieb et al.
2001; Christlieb 2003; Christlieb et al. 2008), the HK survey
(Beers et al. 1985, 1992), and on additional data compiled
from the literature. Elemental abundances have been adopted
from Cohen et al. (2013) for three stars in the Yong et al.
sample, and from Roederer et al. (2014) for two stars in the
Yong et al. sample; these were adopted when either the Yong
et al. sample reported no C or Ba abundance, or only had an
upper limit for one or both of these elements available. Al-
though clear selection biases for the inclusion of very metal-
poor stars exist in the Aoki et al. and Yong et al. samples
(by design), stars with or without carbon enhancement were
not specifically targeted by either group. As with most all
high-dispersion spectroscopic follow-up studies, preference
was given in the selection of targets to include brighter stars
(although in the case of the Aoki et al. sample, this is curtailed
by the bright limit of g ∼ 14.5 among SDSS stars). However,
as emphasized by the An et al. (2013) analysis of an unbi-
ased sample of stars (with respect to metallicity), the fraction
of outer-halo stars even in the local neighborhood is roughly
similar to the fraction of inner-halo stars at low metallicity
(see their Figure 18). Hence, we expect that at least a repre-
sentative sample of objects drawn from both populations can
be achieved in the metallicity range explored by the combined
sample.
The Aoki et al. sample comprises 137 stars, 28 of which
have reported C determinations, and 42 of which have Ba
abundances reported. These stars were observed at high spec-
tral resolution (R ∼ 30000), in the course of four observ-
ing runs between March and October 2008, using the High
Dispersion Spectrograph (Noguchi et al. 2002) at the Subaru
Telescope. This sample includes a large number of warmer
main-sequence turnoff stars, which (at the signal-to-noise ob-
tained for the majority of the sample, S/N ∼ 20 − 30) present
a challenge to obtain these abundance measurements. We also
include 190 stars from the Yong et al. sample – the 38 stars
from their “program sample”, and 152 stars in their litera-
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ture compilation. This sample comprises 171 stars with C
measurements or upper limits, and 175 stars with Ba abun-
dances or upper limits. High-resolution spectra (22000 <
R < 85000) of the program sample stars were taken be-
tween June 2007 and September 2008, using the MIKE spec-
trograph (Bernstein et al. 2003) on the Magellan Clay Tele-
scope at Las Campanas Observatory, the HIRES spectrograph
(Vogt et al. 1994) at Keck Observatory, or the UVES spectro-
graph (Dekker et al. 2000) on VLT UT2 (Kueyen) at the Eu-
ropean Southen Observatory. The selection of the program
stars and the literature compilation is explained in Yong et al.
(2013), and the determination of stellar parameters is de-
scribed by Norris et al. (2013a) and Yong et al. (2013). In the
case of the Yong et al. literature sample, the authors adopt
the measured equivalent widths from the literature, and per-
formed their own analysis to determine stellar parameters and
abundances. Tables 1 and 2 list the observed propoerties of
the Aoki et al. and Yong et al. samples, respectively.
There are four stars in common between the Aoki et al.
sample and the Yong et al. sample, indicated with superscript
“f” next to the star name in column (1) of Table 1 and “j”
in Table 2. For the purpose of the analysis described below,
we adopt the parameters from the Yong et al., as they were
able to obtain estimates or upper limits on [C/Fe] and [Ba/Fe]
for these four stars, while Aoki et al. (2013) (using lower S/N
spectra) reported no measurements of these abundance ratios.
There are thus 323 unique stars in our combined sample. This
sample is pared further, as described below, to only include
stars for which kinematical parameters could be estimated.
2.1. Radial Velocities
Radial velocities for the stars in the Aoki et al. sample
are taken from their high-resolution spectroscopic determina-
tions, which have errors typically less than 1 km s−1. Our
adopted radial velocities are listed in column (5) of Table 1,
with the associated errors given in column (6).
Radial velocities for the stars from the Yong et al. sample
are taken from their high-resolution spectroscopic determina-
tions, which have errors typically less than 1 km s−1, although
some have errors as large as 3 km s−1. Our adopted radial
velocities and errors for this sample are listed in columns (5)
and (6) of Table 2, respectively.
2.2. Distance Estimates
Distances for the stars in the Aoki et al. sample were as-
signed making use of their surface gravity estimates in or-
der to classify stars as dwarfs, main-sequence turnoff stars,
or giants, then using the V magnitudes and adopted E(B −V )
reddening provided by Aoki et al. (2013) to apply the proce-
dures described by Beers et al. (2012), and references therein.
These procedures are based on a set of absolute magnitude re-
lationships (using absorption and reddening-corrected John-
son V magnitudes and B-V colors) calibrated to Galactic
globular and open clusters, as described by Beers et al. (2000;
their Table 2). As demonstrated in Beers et al. (2000), photo-
metric distances estimated for their sample are in good agree-
ment with distances derived from accurate Hipparcos paral-
laxes. We have taken care to apply the revised procedure de-
scribed by Beers et al. (2012) in carrying out the luminosity-
class assignments prior to assigning distances. The resulting
distances should be accurate to on the order of 10%-20%,
based on previous tests. Our adopted distances are listed in
column (13) of Table 1.
Norris et al. (2013b) derived distances for their stars via a
straightforward spectroscopic parallax method – using the fi-
nal stellar parameters from Yong et al. (2013), they find the
absolute magnitude MV predicted by the Y2 isochrones for
each star, then use the available apparent V magnitudes and
E(B-V) reddening values to calculate distances. Note that
Norris et al. (2013b) only published distances for stars in their
sample with [FeH] ≤ −3.1; J. Norris (private communication)
kindly applied this approach for the remaining stars in the
Yong et al. sample for our use. Our adopted distances for
these stars, which are expected to have similar accuracy as
the distances for the Aoki et al. (2013) sample, ∼ 15%, are
listed in column (13) of Table 2.
There are two stars in the Yong et al. sample for which well-
measured distance estimates are not available. These stars,
indicated with an “a” superscript next to the star name in col-
umn (1) in Table 2, are dropped from further consideration in
the kinematic analysis that follows.
2.3. Proper Motions
Proper motions for the Aoki et al. stars were taken from
the SDSS stellar database, if the measurement satisfied the
criteria of Munn et al. (2004), designed to eliminate spurious
reported motions. Note that all proper motions have been
corrected for the systematic error described by Munn et al.
(2008). The adopted proper motions are listed in columns (9)
and (10) of Table 1. The typical errors for individual proper-
motion components (listed in columns (11) and (12) of Table
1) are on the order of ∼ 2-3 mas yr−1.
There are two stars in the Aoki et al. sample for which
well-measured proper motions are not available. These stars,
indicated with a “b” superscript next to the star name in col-
umn (1) in Table 1, are dropped from further consideration in
the kinematic analysis that follows.
Proper motions for the Yong et al. stars have been
obtained by matching the sample stars with the UCAC-4
(Zacharias et al. 2013), SPM-4 (Girard et al. 2011), or PP-
MXL (Roeser et al. 2010) catalogs. Our adopted proper mo-
tions are listed in columns (9) and (10) of Table 2. The typi-
cal errors for individual proper-motion components (listed in
columns (11) and (12) of Table 2) are on the order of ∼ 2-4
mas yr−1, although a number of stars have substantially higher
proper-motion errors.
2.4. CEMP Classifications
Carbon on iron, [C/Fe], and barium on iron, [Ba/Fe], abun-
dance ratios are reported for the Aoki et al. and Yong et al.
samples in columns (14) and (15) of Tables 1 and 2, respec-
tively. We have assigned a set of codes to each star in the
combined sample, given in columns (16) and (17) of Tables
1 and 2, to indicate the availability and status of a C and Ba
measurement for that star. In column (16), C = 0 indicates the
absence of a C measurement; C = 1 indicates that the carbon
status for that star is indeterminate (an upper limit on [C/Fe]
> +0.7); C = 2 indicates that the star is considered C-normal
([C/Fe] < +0.7); C = 3 indicates that the star is considered a
CEMP star ([C/Fe] ≥ +0.7.) In column (17), Ba = 0 indicates
the lack of a Ba measurement; Ba = 1 indicates that the Ba
status for that star is indeterminate (an upper limit on [Ba/Fe]
> 0.0); Ba = 2 indicates that the star is considered Ba-normal
(0.0 < [Ba/Fe] < +1.0); Ba = 3 indicates that the star is con-
sidered Ba-enhanced ([Ba/Fe] ≥ +1.0); Ba = 4 indicates that
the star is considered Ba-deficient ([Ba/Fe] ≤ 0.0)
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Note that many of the stars in the combined sample lack
Eu measurements, which precludes use of the [Ba/Eu] abun-
dance ratio necessary to discriminate between the CEMP-
s and CEMP-r/s sub-classes, according the taxonomy of
Beers & Christlieb (2005). However, as noted above, our cur-
rent understanding of the progenitors of the CEMP-r/s sub-
class necessarily involves the same mass-transfer episodes as
for the CEMP-s stars, presumably onto a star that had formed
from an ISM that had already been enhanced in r-process el-
ements. Note that no Eu abundance measurement is required
in order to assign the CEMP-no sub-class.
For the purpose of our following analysis, we classify the
CEMP stars with [Ba/Fe] ≥ +1.0 as CEMP-s (which could
include some CEMP-r/s stars); those with [Ba/Fe] ≤ 0.0 are
considered CEMP-no stars. Column (18) of Tables 1 and 2
list the assigned sub-classifications for the CEMP stars in the
Aoki et al. and Yong et al. samples, respectively. There are
a total of 70 stars in the combined sample which are classi-
fied as CEMP, of which 40 are assigned to be CEMP-s, 24
are assigned to be CEMP-no, and 6 are not sub-classifiable,
due to a missing Ba measurement. We refer to these stars as
our “Strict Sample” (hereafter, SS), indicating that the stars
passed all tests needed to clearly assign their status. There
are two additional stars that we add to the SS, the canoni-
cal CEMP-no stars HE 0107-5240 (Christlieb et al. 2002) and
HE 1327-2326 (Frebel et al. 2005), both of which are for-
mally considered Ba-indeterminate, due to their high upper
limits on [Ba/Fe], but that clearly belong to this sub-class on
the basis of their light-element abudance patterns. The 6 stars
that were not sub-classifiable, but which meet the strict crite-
rion for inclusion as CEMP stars, we label “CSS,” indicating
that they are carbon-enhanced stars.
Because we are battling low-number statistics, we have also
considered another sub-sample of stars, which we refer to as
the “Extended Sample” (ES). This sample includes all of the
SS (and CSS) stars, as well as (1) stars that are within rea-
sonable error bars (as summarized in the table notes) of be-
ing classified as CEMP, and/or CEMP-s and CEMP-no, (2)
stars that have light-element abundance patterns that suggest
a CEMP-no classification, (3) stars that are expected to be
CEMP-no, based on their low metallicity and the detection
limit for Ba at their (lower) temperatures in the Aoki et al.
sample, or (4) stars that are considered CEMP according to
the luminosity criterion of Aoki et al. (2007)3. Such stars are
indicated by superscripts “d” or “e” next to the star names in
column (1) of Tables 1 and 2.
There are a total of 96 stars in the combined sample that
meet the more relaxed criteria described above, of which 42
are assigned to be CEMP-s, 46 are assigned to be CEMP-no,
and 8 stars that are not further sub-classifiable, due to a miss-
ing Ba measurement; these 8 stars we label “CSS” or “CES,”
indicating that they are carbon-enhanced stars. By definition,
the ES includes all of the stars in the SS, and the CES stars
include the CSS stars. Column (19) of Tables 1 and 2 pro-
vides a four digit code, where each digit takes on the value 1
or 0, depending on its classification according to this scheme.
The digits correspond to the classes SS, ES, CSS, or CES. For
example, a code 1100 would indicate that the star is a member
of the SS and the ES, but not the CSS or the CES.
The upper panel of Figure 1 shows the distribution of
[Fe/H] for all the stars in our combined sample. In the bot-
3 The Aoki et al. (2007) luminosity criterion is: [C/Fe] ≥ +0.7, for
log(L/L⊙) ≤ 2.3 and (ii) [C/Fe] ≥ +3.0 − log(L/L⊙), for log(L/L⊙) > 2.3.
tom panel the unshaded histogram represents the MDF for
the 88 CEMP stars of the SS or ES (as well as the 8 CSS or
CES stars, which could not be further sub-classified), the light
gray distribution applies to the 42 SS or ES stars assigned to
the CEMP-s sub-class, and the cross-hatched distribution in-
dicates the MDF for the 46 SS or ES stars assigned to the
CEMP-no sub-class. All of the CEMP-no stars are located
in the metallicity regime [Fe/H] < −2.5, in agreement with
the metallicity trend first identified by Aoki et al. (2007). The
lowest metallicity CEMP−s star in our sample has [Fe/H] =
−3.5.
3. KINEMATIC ANALYSIS
3.1. Derivation of Space Motions and Orbital Properties
The combination of radial velocities, distances, and proper
motions for our sample stars are used to calculate the full
space motions. The velocity components (U,V,W ) are rela-
tive to the Local Standard of Rest (LSR), where U is taken
to be positive in the direction toward the Galactic anticenter,
V is positive in the direction of Galactic rotation, and W is
positive toward the North Galactic Pole. The velocities are
corrected for the motion of the Sun with respect the LSR by
adopting the values (U,V,W ) = (−9,12,7) km s−1 (Mihalas &
Binney 1981). We have also evaluated the rotational veloc-
ity in the cylindrical Galactocentric reference frame, with its
origin at the center of the Galaxy. This velocity is denoted as
Vφ, and is calculated assuming that the LSR is on a circular
orbit with a value of 220 km s−1 (Kerr & Lynden-Bell 1986).
In our calculations, we assume a value for the location of the
Sun at R⊙ = 8.5 kpc. These values are consistent with recent
independent determinations of these quantities by Ghez et al.
(2008), Koposov et al. (2009), and Bovy et al. (2012).
The orbital parameters of the stars are derived by adopting
an analytic Stäckel-type gravitational potential, which con-
sists of a flattened, oblate disk, and a nearly spherical massive
dark-matter halo (see the description given by Chiba & Beers
2000, Appendix A). The peri-Galactic distance, rperi, is de-
fined as the closest approach of an orbit to the Galactic center,
while the apo-Galactic distance, rapo, is the farthest extent of
an orbit from the Galactic center. The orbital eccentricity, e, is
defined as e = (rapo − rperi) /(rapo + rperi), while Zmax is the max-
imum distance of a stellar orbit above or below the Galactic
plane. In addition, we evaluate the integrals of motion for any
given orbit, deriving the energy, E , and the angular momen-
tum in the vertical direction, LZ = R×Vφ. Note that R repre-
sents the distance from the Galactic center projected onto the
disk plane. Typical errors on the orbital parameters (at Zmax
< 50 kpc; C10) are: σrperi ∼ 1 kpc, σrapo ∼ 2 kpc, σecc ∼ 0.1,
σZmax ∼ 1 kpc.
Based on the derived orbital parameters, there are four stars
in the Aoki et al. sample and 14 stars in the Yong et al. sample
that are formally unbound from the Galaxy. These stars, indi-
cated with a “c” superscript next to the star name in column
(1) of Tables 1 and 2, are dropped from further consideration
in the kinematic analysis that follows.
Taking into account all of the stars dropped from the two
samples, as described above, we proceed with the kinematic
analysis based on 127 stars from the Aoki et al. sample (4
stars that also appear in the Yong et al. sample are dropped)
and 174 stars from the Yong et al. sample, for a total of 301
stars. Among the CEMP stars, there are a total of 64 stars
suitable for the kinematic analysis in the SS, and 88 in the
ES. In order to avoid confusion, we refer to this full set of
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program stars with suitable kinematic determinations as the
“Total Kinematic Sample" and the sub-sample of CEMP stars
within it as the “CEMP Kinematic Sample.”
3.2. The Energy-Angular Momentum Diagram:
Membership Assignment to the Inner- and Outer-Halo
Populations
We now seek to evaluate the relative numbers of CEMP-
s and CEMP-no stars in the inner- and outer-halo popula-
tions contained in the CEMP Kinematic Sample, which re-
quires that a population assignment be made. In Carollo et al.
(2012), such a division was accomplished by employing the
extreme deconvolution technique (Bovy et al. 2011), applied
to the rotational velocity distribution of the low-metallicity
sub-sample of the SDSS/SEGUE DR7 calibration stars. This
technique is not suitable for the present sample, due to the
limited number of stars that are available. We explore a new
method below, comparing with a large external sample of
stars, before returning to the kinematic analysis of our pro-
gram stars.
3.2.1. A New Method of Kinematic Population Assignment;
Testing the SDSS/SEGUE DR7 Calibration Stars
An alternative method to that previously used employs the
integrals of motion, such as the total energy, E , and the an-
gular momentum in the vertical direction, LZ. To explore this
approach, we have calculated the integrals of motion for the
SDSS/SEGUE DR7 calibration stars used by C104. The re-
sults are shown in Figure 2 as an energy-angular momentum
diagram, also known as the Lindblad diagram.
The point sizes in the two panels of Figure 2 are propor-
tional to the logarithmic number density at a given point of the
diagram, while the colors denote different ranges of metallic-
ity. According to C10, the thick disk has a mean Galactocen-
tric rotational velocity of 〈Vφ〉 = 182 km s−1, and a velocity
dispersion, σ(Vφ) = 51 km s−1, which correspond to a mean
angular momentum of 〈LZ〉 ∼ 1550 kpc km s−1, and a range of
angular momentum between LZ ∼ 1100 and 2000 kpc km s−1
(at the one-sigma level). Thick-disk stars are highly bound
to the Galaxy, have a peak in their MDF at [Fe/H] ∼ −0.6,
and dominate the light blue area in the Lindblad diagram (up-
per panel). The metal-weak thick-disk (MWTD) population,
when treated as an independent component (as in C10), ex-
hibits a mean Galactocentric rotational velocity 〈Vφ〉 ∼ 100-
150 kpc km s−1, and a velocity dispersion of σVφ ∼ 40 km s−1.
These values correspond to a mean angular momentum of
〈LZ〉 ∼ 1000 kpc km s−1, and angular momentum in the range
700-1300 kpc km s−1 (one-sigma). MWTD stars are highly
bound to the Galaxy, exhibit a peak in their MDF at [Fe/H]
∼ −1.2 (C10), and are clearly present in the Lindblad diagram,
as represented by red filled dots in the top panel of Figure 2.
C07 and C10 have shown that the inner-halo population is
dominated by stars on high-eccentricity orbits, with the ma-
jority of inner-halo stars having apo-Galactic distances not
greater than rapo = 15 kpc, a mean Galactocentric rotational
velocity 〈Vφ〉 ∼ 0, with a velocity dispersion of σVφ ∼ 100
km s−1 (roughly a Gaussian distribution symmetrical about
LZ ∼ 0). Based on these values, the location of the majority
of the inner-halo population in the Lindblad diagram would
4 The distance estimates for the stars in this sample are based on the
luminosity-class assignments revised according to the procedures descibed
by Beers et al. (2012).
be in the range of −850 kpc km s−1 < LZ < 850 kpc km s−1
(at the one-sigma level), and mostly clustered in a narrow re-
gion around LZ = 0 kpc km s−1. This is clearly visible in the
top panel of Figure 2, where the green area denotes stars with
metallicity in the range −2.0 < [Fe/H] ≤ −1.3; this interval
was selected to bound the metallicity peak of the inner-halo
population ([Fe/H] = −1.6), and to reduce contamination from
MWTD stars.
The inner-halo stars are mostly highly bound (lower en-
ergy values), but also comprise stars with higher energy or-
bits, E > −1.0 km 2 s−2 (in units of 105), and are clearly vis-
ible in the top panel of Figure 2. The outer-halo population
is characterized by a wide range of eccentricity values, with
a significant number of outer-halo stars having low to inter-
mediate orbital eccentricities, and the majority having apo-
Galactic distances rapo > 15 kpc. The mean Galactocentric ro-
tational velocity of the outer-halo stars is 〈Vφ〉 ∼ −85 km s−1,
with a velocity dispersion of σVφ = 165 km s−1. In the Lind-
blad diagram, the outer-halo stars are primarily located in the
region characterized by retrograde motions, at LZ < − 700
kpc km s−1, and with high-energy orbits. The metallicity peak
of the outer halo is [Fe/H] ∼ −2.2, and includes many of the
stars with [Fe/H] < −2.0, represented in Figure 2 (top panel)
by black filled circles.
In the bottom panel of Figure 2, the red dashed curve de-
notes the locus that would apply for stars possessing orbits
with apo-Galactic distance rapo = 15 kpc. This is derived us-
ing the expression for the energy E = L2Z/2r2 + Φ(r,Z), and
Vr = 0, where Φ(r,Z) is the Galactic potential, and r is in
kpc. The locus of the points in the (E , LZ) plane for rapo = 15
kpc and Z = 0 is E = (L2Z)/(2×152) + Φ(15,0). All of the data
points located below this curve have orbits with rapo < 15 kpc,
while those located above the curve have rapo > 15 kpc. The
inner-halo population is characterized by stars with rapo < 15
kpc, and dominates the distribution below this apo-Galactic
radius. Stars with metallicity [Fe/H] ≤ −1.3 and apo-Galactic
radii rapo < 15 kpc are color-coded green in the figure, while
stars in same range of metallicity and apo-Galactic radii rapo
> 15 kpc are color-coded blue. Inspection of this part of the
diagram reveals that there are a significant number of inner-
halo stars with apo-Galactic radii exceeding 15 kpc, however
they are mainly clustered below a binding energy of E = −1.0
km2 s−2 (in units of 105; represented by the black horizontal
line). Above this value of total energy, the stars with rapo >
15 kpc are dominated by retrograde motions.
Another important feature can be noticed from inspection
of the bottom panel of Figure 2. The nature of the distribution
changes as the energy increases (stars are less bound to the
Galaxy), from being roughly a Gaussian distribution centered
at LZ ∼ 0 kpc km s−1 and E = −1.1 km2 s−2, to becoming
increasingly retrograde. The change seems quite abrupt. At
the higher energies, the distribution does not appear Gaus-
sian, and for E > −0.6 km2 s−2, it appears more like a uniform
distribution. The more bound Gaussian component could be
interpreted as a dynamically relaxed low-LZ system, which is
consistent with a component that formed in-situ. The more
uniform component could be interpreted as an unrelaxed sys-
tem made up of accreted material, reflecting the (E , LZ) dis-
tribution at the time that the incoming satellites (the presumed
progenitors for many of the outer-halo stars) were disrupted.
The abrupt change of the (E , LZ) distribution is easily vi-
sualized in Figure 3, where the vertical angular momentum
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is plotted against the total energy. The solid line represents a
moving average, with overlapping bins of 200 points. In this
figure, only the stars with Rapo > 15 kpc and [Fe/H] ≤ −1.3
are selected. In this way, we avoid most of the contamina-
tion from the MWTD, but are sure to include most of the stars
that are members of the inner halo. It is worth noting that, in
the region between E ∼ −1.05 km2 s−2 and −0.9 km2 s−2 (in
units of 105), there is a clear abrupt change of the mean an-
gular momentum towards retrograde values, going from 〈LZ〉
∼ 0 kpc km s−1 to 〈LZ〉 ∼ −600 kpc km s−1 (corresponding
to 〈Vφ〉 ∼ 0 km s−1 and 〈Vφ〉 ∼ −70 km s−1, respectively).
The angular momentum becomes more retrograde as the en-
ergy increases, achieving a value of 〈LZ〉 ∼ −1400 kpc km s−1
(corresponding to 〈Vφ〉 ∼ −165 km s−1). Note that 〈Vφ〉 = −70
is very close to the mean rotational velocity of the outer-halo
population (〈Vφ〉 = −80 km s−1), and σVφ ∼ 165 km s−1 corre-
sponds to the velocity dispersion of the outer halo at the one-
sigma level. The abrupt change in the LZ−E diagram shown
in Figure 3 can be considered the transition zone between the
inner- and outer-halo populations. The mid-point of this zone
is E ∼ − 0.97 km2 s−2, with an extension up to − 0.9 km2 s−2
on the right end, and −1.05 km2 s−2 on the left end. Below E
∼ −1.05 km2 s−2, the mean angular momentum averages to ∼
0 kpc km s−1, while above E ∼ −0.9 km2 s−2, the mean angu-
lar momentum is ∼ −1000 kpc km s−1 (corresponding to 〈Vφ〉
∼ −123 km s−1). For the purpose of our analysis, we consider
an extended transition zone of −1.10 < LZ < −0.82 km2 s−2,
in order to take into account the uncertainties.
Based on these properties, among the stars with apo-
Galactic distance Rapo > 15 kpc and [Fe/H] ≤ −1.3, those
with binding energy E < −1.1 km2 s−2 are likely pure inner-
halo stars, while those with binding energy above E ∼ −0.8
km2 s−2 are likely pure outer-halo members. The stars with
energy and angular momentum falling in the transition zone
of Figure 3 have similar probability of being either inner-
or outer-halo stars, according to this criterion. The numbers
of stars assigned to the various components from among the
8039 SDSS/SEGUE DR7 calibration stars shown in Figure 3
are: outer halo (274), inner halo (6995), and transition zone
(770), respectively. Stars that are on unbound orbits were al-
ready dropped from this sample, so are not represented in the
figure. For completeness, we note that if the metallicity limit
is set to [Fe/H] ≤ −2.0, the numbers of stars assigned to the
various components are: outer halo (62), inner halo (1237),
and transition zone (159), respectively.
We now return to our program sample, and apply the above
approach for the assignment of stars into the inner- and outer-
halo populations, based on their energies and intergrals of mo-
tion.
3.3. Relative Numbers of CEMP-s and CEMP-no Stars in
the Inner and Outer halo
The above population assignment procedure is applied to
the Total Kinematic Sample of Aoki et al. and Yong et al.
Column (20) of Tables 1 and 2 lists the assigned membership
for the stars in these samples, respectively. The label “O” in-
dicates outer halo, “I” indicates inner halo, “T” indicates the
transition zone, and “U” indicates that the star was unclassi-
fied (star is on an unbound orbit, or is missing the information
required for making this assignment).
The left-hand panel of Figure 4 shows the Lindblad dia-
gram for the stars in our Total Kinematic Sample (stars in
the U class are obviously not shown). The black filled cir-
cles represent C-normal stars, while the red stars denote the
CEMP stars (ES and CES). In the right-hand panel of Fig-
ure 4, the CEMP-s stars having orbits with rapo < 15 kpc are
represented by purple filled triangles, while those with rapo >
15 kpc are denoted by yellow filled diamonds. In the same
way, the CEMP-no stars with rapo < 15 kpc are shown as blue
asterisks, while those with rapo > 15 kpc are represented by
light blue filled squares. The gray dashed curve represents the
locus of stars with orbits having rapo > 15 kpc.
The orbital properties found in the previous subsection sug-
gest that stars with apo-Galactic distances below 15 kpc can
be considered pure inner-halo members. Stars with apo-
Galactic distance greater than 15 kpc and binding energy E
< −1.1 km2 s−2 can be assigned to the inner-halo component
as well. Stars with apo-Galactic distance above 15 kpc and
binding energy E > −0.8 km2 s−2 are likely to be pure outer-
halo stars. The remaining stars with rapo > 15 kpc and en-
ergy between E ∼ −1.1 km2 s−2 and E ∼ −0.8 km2 s−2 fall
in the transition zone between the inner-halo population and
the outer-halo population, and a clear membership assignment
cannot be made.
Table 3 summarizes the population assignments for stars in
the Total Kinematic Sample and those in the CEMP Kine-
matic Sample. Note that for the CEMP stars, the table lists
two numbers for each of the membership assigments, the first
corresponding to stars in the SS, the second (in parenthesis,
and always larger) corresponding to stars in the ES.
For the stars in the CEMP Kinematic Sample assigned to
the outer halo, the SS only contains a total of 12 stars, which
is too small to obtain a meaningful comparison of the CEMP-
s and CEMP-no subclasses. Thus, for our counting exercise,
we prefer to make use of the 20 stars in the ES assigned to the
outer halo. In this instance, the counts in Table 3 indicate that
70% (14/20) of the stars are CEMP-no, and 30% (6/20) are
CEMP-s.
For the stars in the CEMP Kinematic Sample assigned to
the inner halo, the 37 stars contained in the SS are sufficient
to proceed, and we prefer to use this sub-sample, due to the
more secure classifications. In this instance, the counts in Ta-
ble 3 indicate that 43% (16/37) of the stars are CEMP-no, and
57% are CEMP-s. We caution that, if we were to have com-
pared the proportions of stars in the inner halo based on the
ES members, the fraction of CEMP-no stars would be greater
(56%) than the CEMP-s stars (44%), underscoring the need
for more, and better, classifications of CEMP stars for future
tests of our hypothesis.
A one-tailed Z-test of the significance of the change in the
proportions of CEMP-no stars in the inner (SS) and outer halo
(ES), which automatically takes into consideration of the rel-
ative sample sizes, rejects the null hypothesis that the fraction
is constant (p = 0.02). Even so, this study would clearly ben-
efit from larger samples of confidently classified CEMP-no
and CEMP-s stars. For now, we can only tentatively suggest
that the CEMP-no stars represent the majority of C-rich stars
associated with the outer-halo population, while the CEMP-
s stars represent the majority associated with the inner-halo
population, at least in this sample of very and extremely low-
metallicity CEMP stars.
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4. IMPLICATIONS FOR THE FORMATION OF THE
HALO SYSTEM
We find that the relative numbers of CEMP-no stars com-
pared to CEMP-s stars varies between the inner- and outer-
halo components of the Milky Way, with the frequency of
CEMP-no stars being higher in the counter-rotating outer
halo, and the frequency of CEMP-s stars being higher in the
non-rotating inner halo. This trend may reflect some under-
lying difference in the chemical-enrichment histories of the
halo components, perhaps due to varying yields in the stellar
populations formed by the progenitors of the two components.
The exact origins of the C-enhancement for CEMP stars
are not yet fully understood. In the case of the CEMP-s stars,
mass transfer between binary companions is strongly implied
by the abundance patterns and radial-velocity measurements.
(Herwig 2005; Sneden et al. 2008; Bisterzo et al. 2011, 2012;
Lugaro et al. 2012; Placco et al. 2013). This scenario requires
that the binary system form with a low-mass star (the one
observed today) and a star in the right mass range to pass
through an AGB phase, with significant production of carbon
and s-process elements, roughly 1.3-6 M⊙. Thus, the CEMP-s
phenomenon is associated with intermediate-mass progenitor
stars.
The origin of the C-enhancement for the CEMP-no stars
is less clear. One possible scenario involves binary pair-
ings of a low-mass star (the one observed today) and a
more massive binary companion that can donate carbon in
a mass-transfer event, but which did not produce s-process
elements (Suda et al. 2007). Another proposed scenario in-
volves “faint SNe”, or core-collapse SNe that exploded with
low energy, and undergo a mixing and fallback process, eject-
ing the C-rich outer layers of the progenitor star but not ma-
terial from the inner, Fe-rich core regions (Umeda & Nomoto
2003, 2005; Tominaga et al. 2007, 2013; Ito et al. 2009, 2013;
Nomoto et al. 2013). In this scenario, CEMP-no stars would
arise preferentially from massive progenitors, roughly 10-
60 M⊙. Hirschi et al. (2006), Meynet et al. (2006), and
Meynet et al. (2010) have argued that massive, rapidly rotat-
ing, MMP stars, with greatly enhanced abundances of CNO
due to distinctive internal burning and mixing episodes, can
blow strong winds that can pollute the primordial ISM with
this material, with the inner regions possibly collapsing into
black holes. Recently, Chiappini (2013) have argued that such
sources may be capable of driving an s-process, but its nature
is at present poorly understood. In any event, the rapidly in-
creasing frequency of CEMP stars with declining [Fe/H] pro-
vides clear evidence that sources capable of producing car-
bon without substantial release of iron-peak elements must be
common at early times.
If we assume the binary mass-transfer scenario applies
for CEMP-s stars, and the faint SNe and/or rapidly rotat-
ing MMP scenario applies for CEMP-no stars, the impli-
cation is that the former dominates in the stellar popula-
tions associated with the inner halo, while the latter are
more numerous in the populations comprising the outer
halo. If the CEMP-s and CEMP-no phenomena vary with
the mass of the stars that produced the carbon, this re-
quires some variation in the IMF for the progenitor pop-
ulations of the inner and outer halos. A link between
the CEMP phenomenon and the early-universe IMF was
suggested previously by Lucatello et al. (2005), Suda et al.
(2007), Tumlinson (2007a), and Tumlinson (2007b), among
others. The necessary variations can be accomodated with
relatively small changes to the IMF: the ratio of the num-
ber of CEMP-no progenitors (10-60 M⊙) to the number of
AGB progenitors (1.3 – 3.5 M⊙) varies from 0.1 for a Salpeter
IMF (power-law slope α = −2.35) up to 0.5 for an IMF with
a slope α = −1.5. The implication is that the sub-galactic
fragments from which the outer halo was assembled formed
stars with a flatter IMF, richer in massive stars leading to
favored production of CEMP-no stars, while the inner halo
was formed from fragments with relatively larger numbers
of intermediate-mass stars, leading to greater production of
CEMP-s stars.
Simulations of hierarchical galaxy formation suggest that
the stars in the inner halo of the Milky Way formed pref-
erentially from more massive sub-galactic fragments, ca-
pable of supporting extended star-formation histories (e.g.,
Zolotov et al. 2009; Font et al. 2011; McCarthy et al. 2012;
Tissera et al. 2013a,b). By contrast, the outer halo is predomi-
nantly composed of stars formed in lower-mass fragments that
were accreted over long periods of time, experienced short or
truncated star-formation histories, and built up the outer halo
as the sum of many disrupted former satellites. Thus, a possi-
ble link exists connecting higher-mass sub-galactic fragments,
steeper IMFs, and the higher frequency of CEMP-s stars on
the one hand, with lower-mass satellites, flatter IMFs, and a
higher frequency of CEMP-no stars on the other.
While these connections are still somewhat speculative,
there is now tentative evidence that lower-mass galaxies may
form stars with flatter IMFs, at least over the limited mass
ranges for which star-count IMFs can be obtained in pho-
tometric surveys. In particular, recent HST studies of the
IMF in the Small Magellanic Cloud (Kalirai et al. 2013)
and in two Ultra-faint Dwarf (UFD) satellites of the Milky
Way (Brown et al. 2012), indicate a possible flattening trend
in the IMF below ∼ 1 M⊙with declining circular velocity
(Geha et al. 2013). This trend continues for galaxies larger
than the Milky Way, which appear to have formed stars with
IMFs steeper than the Salpeter slope (Conroy et al. 2012). In
addition, the limited available high-resolution spectroscopy
for individual stars in UFDs indicates that the majority of the
CEMP stars in these very low-mass galaxies are likely to be
of the CEMP-no sub-class (Frebel & Norris 2013, Koch et al.
2013, and reference therein).
This line of reasoning sketches a possible scenario for ex-
plaining the variation of the relative numbers of CEMP-no
and CEMP-s associated with the inner and outer halo. There
are several steps in this logic that are unproven, thus the sce-
nario must still be considered speculative. For example, the
origins of CEMP-no stars may not be exclusively associated
with massive progenitors. The flatter IMFs observed in the
SMC and the UFDs may not continue with that slope into the
range of intermediate and massive stars. Furthermore, the ap-
parent trend of IMF slope with galaxy mass (Geha et al. 2013)
may not be strictly valid, or it may instead be a trend with
metallicity or some other environmental variable. Finally, the
frequencies of CEMP stars need to be reproduced in the con-
text of a detailed model that accounts simultaneously for the
realistic merger histories of the halo components and the nu-
cleosynthetic origins of their stars.
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FIG. 1.— Top panel: The metallicity distribution function (MDF) for the combined sample of stars from Aoki et al. (2013) & Yong et al. (2013), 323 stars.
Bottom panel: MDFs for the sub-sample of CEMP stars (SS, ES, CSS, or CES; black unshaded histogram, 96 stars), CEMP-s (SS or ES; gray histogram, red
line, 42 stars) and CEMP-no (SS or ES; cross-hatched histogram, dashed red line, 46 stars).
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FIG. 2.— Top panel: Lindblad diagram for the sample of 23351 SDSS/SEGUE DR7 calibration stars from C10 (energy is in units of 105). The colors represent
different ranges of metallicity, corresponding to the thick disk (light blue dots), metal-weak thick disk (red dots), inner halo (green dots), and outer halo (black
dots). The point size is proportional to the logarithmic number density at a given point of the diagram. The vertical line divides this diagram at LZ = 0; prograde
stars have LZ > 0, while retrograde stars have LZ < 0. Bottom panel: Lindblad diagram for the 10431 SDSS/SEGUE DR7 calibration stars with metallicities
[Fe/H] ≤ −1.3. The green dots represent the 7809 stars with apo-Galactic distances rapo ≤ 15 kpc, while the blue dots denote the 2622 stars in the same range of
metallicity but with apo-Galactic distance rapo > 15 kpc. The red dashed curve represents the locus of the points with constant apo-Galactic radii, rapo = 15 kpc,
while the horizontal line at E = −1.0 shows (roughly) the energy of the transition zone between the inner- and outer-halo components (see text). The vertical line
divides this diagram at LZ = 0; prograde stars have LZ > 0, while retrograde stars have LZ < 0. Note the preponderance of retrograde motions among the likely
outer-halo stars located above the E = −1.0 line.
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FIG. 3.— Mean angular momentum in the z direction as a function of the total energy (in units of 105) for the 8039 SDSS/SEGUE DR7 calibration stars with
metallicity [Fe/H] ≤ −1.3 and rapo > 15 kpc. A moving average with overlapping bins of 200 stars is applied. The vertical red dot-dashed line denotes the mean
point of the transition zone between the inner halo and outer halo, while the vertical black dot-dashed lines represents the adopted transition zone.
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FIG. 4.— Total energy vs. angular momentum in the z direction for the 301 stars in the Total Kinematic Sample. Left panel: C-normal stars are represented
by black dots, while CEMP stars (ES and CES) are denoted by red stars. Right panel: The same sample of stars, with purple filled triangles and blue asterisks
indicating CEMP-s and CEMP-no members of the inner halo (ES only), respectively. Yellow filled diamonds and light blue filled squares represent CEMP-s and
CEMP-no members of the outer halo (ES only), respectively. The red crosses are CEMP-s and CEMP-no stars located in the transition zone between the inner
halo and the outer halo, with similar probability to be members of these components (ES only). C-normal (or indeterminate) stars are indicated with black dots.
The light gray dashed curve denotes the locus of the points that possess constant apo-Galactic radius, rapo = 15 kpc, while the dark gray dot-dashed horizontal
lines shows the values of the energies delimiting the transition zone.
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TABLE 1
PARAMETERS FOR THE SAMPLE OF AOKI ET AL. (2013)
Name Teff log(g) [Fe/H] Vrad σVrad RA DEC PMRA PMDEC σPMRA σPMDEC d [C/Fe] [Ba/Fe] C Ba CEMP Sample Member
(K) (km s−1) (km s−1) (deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (kpc) Class
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
2803-54368-459 6150 4.0 −3.26 −308.2 0.2 0.583 29.481 0.15 −21.13 2.50 2.50 1.55 2.63 1.84 3 3 s 1100 I
2624-54380-061 4950 2.0 −2.66 117.2 0.1 2.052 −5.491 −0.42 0.91 2.42 2.42 31.03 · · · 0.83 0 3 O
1912-53293-352 4600 5.0 −2.65 −122.9 0.1 4.585 −9.661 2.62 −109.50 2.78 2.78 0.47 −0.88 · · · 2 0 I
1121-52873-136 6450 4.0 −2.81 3.3 0.1 5.064 −0.683 8.62 1.74 2.56 2.56 3.45 · · · · · · 0 0 I
0390-51816-187 6650 4.0 −3.16 −94.6 0.2 5.307 −0.835 8.45 −0.74 2.49 2.49 3.17 · · · · · · 0 0 I
0688-52203-152 5500 4.0 −3.12 89.8 0.1 5.984 −0.053 14.47 −6.00 2.60 2.60 2.56 · · · −0.42 0 4 I
0753-52233-013 6250 4.0 −3.03 27.7 0.2 6.956 14.072 13.87 −2.83 2.75 2.75 3.06 · · · · · · 0 0 I
2848-54453-300 6550 4.0 −2.71 15.0 0.1 6.986 −19.158 −14.09 −27.98 2.32 2.32 2.18 · · · · · · 0 0 T
1912-53293-031 6150 4.0 −2.81 −25.3 0.1 7.239 −10.259 17.27 −22.73 2.82 2.82 3.33 · · · · · · 0 0 I
2848-54453-252f 6500 4.0 −3.15 48.0 0.1 7.295 −19.169 68.27 −30.65 2.32 2.32 1.15 · · · · · · 0 0 U
2848-54453-059 5000 2.1 −2.80 262.9 0.1 8.271 −18.985 2.66 −0.38 2.33 2.33 17.63 · · · −0.60 0 4 O
0656-52148-307 6000 4.0 −2.81 98.2 0.1 10.459 −9.891 9.61 −6.46 2.78 2.78 3.38 · · · · · · 0 0 I
1083-52520-579 5550 4.0 −3.18 48.2 0.1 15.111 0.821 −0.23 −5.76 2.64 2.64 2.00 · · · −0.17 0 4 I
2804-54368-126 6350 4.0 −2.80 −130.6 0.1 17.960 14.702 16.11 −13.08 2.72 2.72 1.93 · · · · · · 0 0 I
2040-53384-407 5500 4.0 −3.32 −113.1 0.2 18.757 26.619 6.65 −8.54 2.55 2.55 1.79 · · · · · · 0 0 I
2849-54454-012 5800 4.0 −3.45 −59.2 0.2 20.136 −10.018 −5.09 −7.00 2.65 2.65 2.96 · · · · · · 0 0 I
2314-53713-090 6900 4.0 −3.01 −274.3 0.2 21.575 6.124 17.88 11.46 2.45 2.45 2.30 +3.08 +3.20 3 3 s 1100 T
1914-53729-357c 5250 2.4 −2.62 124.6 0.1 22.967 −9.148 −1.30 4.67 2.62 2.62 12.84 · · · · · · 0 0 U
2044-53327-515f 6100 4.0 −3.65 −200.2 0.2 25.151 23.749 0.44 −26.08 2.49 2.49 1.65 · · · · · · 0 0 U
2046-53327-124 6250 4.0 −2.89 −3.1 0.4 32.300 21.341 5.49 −2.16 2.62 2.62 3.58 · · · · · · 0 0 I
2378-53759-083 6200 4.0 −2.82 −218.1 0.1 43.722 33.478 −3.06 9.80 2.53 2.53 3.63 · · · · · · 0 0 O
1513-53741-338 4550 5.0 −3.31 35.7 0.5 44.985 0.954 116.90 −84.26 2.74 2.74 0.78 −0.02 · · · 2 0 T
2335-53730-314 5950 4.0 −2.19 316.1 0.3 47.164 5.093 40.49 −32.11 2.54 2.54 1.74 +2.36 · · · 3 0 0011 O
0711-52202-489 5800 4.0 −3.39 113.9 0.3 49.441 0.384 4.63 0.67 2.56 2.56 2.80 · · · · · · 0 0 I
2397-53763-563 5950 4.0 −2.92 −115.9 0.2 50.184 41.729 24.24 2.26 4.65 4.65 1.59 · · · · · · 0 0 I
2679-54368-543d 5450 3.6 −3.18 98.7 0.3 57.797 10.445 4.64 1.55 2.46 2.46 2.25 +1.55 · · · 3 0 no 0100 I
2805-54380-301 6500 4.0 −2.32 97.8 0.4 63.659 5.872 10.49 −7.79 2.46 2.46 2.62 · · · · · · 0 0 I
2805-54380-329 5950 4.0 −2.59 232.1 0.4 64.075 7.218 15.46 −39.12 2.58 2.58 2.31 · · · · · · 0 0 T
2540-54110-062 5550 4.0 −2.82 −122.1 0.2 97.448 83.058 0.83 −7.21 2.52 2.52 2.44 +2.09 · · · 3 0 0011 I
2696-54167-214 6100 4.0 −3.05 45.5 0.7 97.732 25.879 5.36 −6.69 2.47 2.47 3.54 · · · · · · 0 0 I
2337-53740-564e 5350 3.0 −2.91 111.8 0.1 107.773 67.041 1.93 −5.28 2.46 2.46 9.96 +1.98 +0.82 3 3 s 0100 T
2941-54507-222d 5150 2.2 −3.32 −51.7 0.1 110.968 36.633 0.80 −0.09 2.55 2.55 8.87 +1.79 · · · 3 0 no 0100 O
2713-54400-390b 6600 4.0 −2.92 −113.3 0.2 111.855 16.164 · · · · · · · · · · · · 2.26 · · · · · · 0 0 U
2939-54515-414e 5200 2.5 −2.87 −167.1 0.1 115.268 67.134 −1.68 −4.94 2.47 2.47 10.27 +0.74 +0.26 3 2 no 0100 T
1059-52618-429 6100 4.0 −2.75 −32.3 0.1 116.672 28.529 −2.04 −35.90 2.73 2.73 2.18 · · · · · · 0 0 I
1921-53317-334 6100 4.0 −2.60 −121.0 0.1 117.250 17.976 21.36 −38.28 3.57 3.57 2.10 · · · · · · 0 0 T
2054-53431-033 5100 1.8 −2.64 54.6 0.1 117.438 18.018 −6.70 −9.98 2.67 2.67 6.48 · · · −1.04 0 4 T
1870-53383-002 5950 4.0 −3.01 −260.2 0.1 121.118 51.884 5.71 −14.77 2.58 2.58 2.44 · · · 0.13 0 2 I
2419-54139-037 6150 4.0 −3.38 164.8 0.3 122.321 9.130 1.46 −14.75 2.26 2.26 2.49 · · · · · · 0 0 I
0825-52289-595 6450 4.0 −3.28 148.2 0.2 123.744 33.620 −3.35 −7.45 2.67 2.67 2.86 · · · · · · 0 0 I
1266-52709-432 6050 4.0 −2.85 −1.8 0.5 124.479 26.684 18.52 −10.28 2.67 2.67 2.56 · · · +0.40 0 2 I
0931-52619-469 6350 4.0 −2.88 369.0 0.1 124.850 31.322 −6.56 −22.59 2.71 2.71 2.66 · · · · · · 0 0 O
2271-53726-365 6250 4.0 −3.70 164.4 2.1 125.326 18.326 −5.57 −15.19 2.40 2.40 3.21 · · · · · · 0 0 I
1185-52642-519 6400 4.0 −3.60 10.9 0.7 126.339 4.060 21.34 −20.54 2.66 2.66 3.96 · · · · · · 0 0 O
2423-54149-031 6400 4.0 −3.17 159.0 0.3 126.901 10.867 −11.96 −10.11 2.35 2.35 3.20 · · · +0.69 0 3 I
0446-51899-239 6150 4.0 −3.25 −10.9 0.2 130.067 54.091 −6.42 −22.77 2.70 2.70 2.79 · · · · · · 0 0 I
0467-51901-484 6250 4.0 −3.20 199.3 0.2 131.752 1.354 −10.98 −28.70 2.62 2.62 2.13 · · · +0.26 0 2 I
2667-54142-094f 6500 4.0 −2.89 45.2 0.2 132.903 10.301 −10.49 −14.93 2.33 2.33 1.63 · · · · · · 0 0 U
2380-53759-094 5200 2.5 −2.53 −226.1 0.0 134.639 35.691 −0.11 −4.95 2.66 2.66 10.68 +0.30 −0.02 2 4 T
2888-54529-615 5400 3.1 −3.05 155.5 0.1 134.894 4.042 1.31 −2.00 2.70 2.70 9.91 · · · · · · 0 0 I
0566-52238-100 6000 4.0 −3.30 313.1 0.2 136.889 2.769 −4.88 −1.41 2.78 2.78 2.63 · · · · · · 0 0 I
0471-51924-613 6150 4.0 −2.68 137.2 0.1 138.182 2.273 −6.06 −28.49 2.54 2.54 1.81 +2.05 +1.30 3 3 s 1100 I
0475-51965-602 6200 4.0 −3.14 286.3 0.2 143.197 2.690 −11.30 −3.13 2.59 2.59 3.06 · · · +1.19 0 3 I
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TABLE 1
PARAMETERS FOR THE SAMPLE OF AOKI ET AL. (2013)
Name Teff log(g) [Fe/H] Vrad σVrad RA DEC PMRA PMDEC σPMRA σPMDEC d [C/Fe] [Ba/Fe] C Ba CEMP Sample Member
(K) (km s−1) (km s−1) (deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (kpc) Class
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
2387-53770-316 6100 4.0 −3.09 −57.9 0.1 151.115 34.713 −2.92 −15.62 2.57 2.57 1.34 · · · · · · 0 0 I
1430-53002-498 6600 4.0 −3.06 −133.1 0.2 158.256 40.018 3.54 10.76 2.55 2.55 2.73 · · · · · · 0 0 O
1600-53090-378 5850 4.0 −3.47 −33.5 0.1 159.208 12.205 3.74 −18.69 2.47 2.47 1.85 +1.84 +1.35 3 3 s 1100 I
0581-52356-245 6300 4.0 −2.88 159.8 0.1 166.544 3.723 −2.83 −35.60 2.67 2.67 2.97 · · · · · · 0 0 T
2491-53855-389 6050 4.0 −3.17 −27.9 0.6 167.090 17.796 −11.99 −40.35 2.38 2.38 2.00 · · · · · · 0 0 I
1979-53431-181 5750 4.0 −3.14 47.5 0.1 170.216 30.457 −20.14 −44.00 2.34 2.34 2.07 · · · · · · 0 0 I
2036-53446-324f 6550 4.0 −2.82 −15.9 0.4 172.057 38.697 −25.73 −1.71 2.49 2.49 2.12 · · · · · · 0 0 U
1761-53376-551 6500 4.0 −2.96 60.8 0.1 176.848 15.179 −10.13 −9.35 2.64 2.64 2.73 · · · · · · 0 0 I
1018-52672-268 5700 4.0 −3.26 175.9 0.2 179.776 54.420 −16.17 −11.44 2.74 2.74 2.26 · · · · · · 0 0 I
1370-53090-458 6650 4.0 −3.20 92.4 0.3 183.280 44.845 −17.00 5.63 2.65 2.65 3.00 · · · · · · 0 0 T
2895-54567-360 6150 4.0 −3.34 42.6 0.2 187.730 0.096 −39.35 −13.94 2.91 2.91 1.34 · · · · · · 0 0 I
2020-53431-313 6300 4.0 −2.87 −261.3 0.2 188.250 34.133 −8.04 −28.11 2.38 2.38 3.30 · · · · · · 0 0 T
2689-54149-292e 5150 2.5 −2.73 334.2 0.1 190.350 −8.624 −2.26 −6.48 2.38 2.38 18.39 +0.50 −0.45 2 4 no 0100 O
2897-54585-210e 5150 2.5 −2.77 92.1 0.1 190.518 −3.605 −2.75 0.21 2.81 2.81 6.89 +0.64 −0.11 2 4 no 0100 I
2689-54149-491 6100 4.0 −3.17 76.9 0.3 191.261 −7.646 3.30 −5.20 2.48 2.48 2.64 +2.53 +2.09 3 3 s 1100 I
2240-53823-008 6450 4.0 −3.53 −76.4 0.5 195.072 26.544 −10.99 −19.91 2.57 2.57 2.71 · · · · · · 0 0 I
2662-54505-455 6150 4.0 −2.85 44.1 0.1 195.915 25.264 −42.30 −58.31 2.61 2.61 2.10 · · · · · · 0 0 O
2029-53819-374c 6050 4.0 −2.90 1.1 0.1 196.009 32.653 −48.17 −15.83 2.34 2.34 3.19 · · · −0.28 0 4 U
2663-54234-467 6250 4.0 −2.72 −93.1 0.2 198.006 24.835 20.89 −51.16 2.61 2.61 2.13 · · · · · · 0 0 O
2476-53826-575b 5000 2.1 −2.10 41.1 0.1 199.170 17.793 · · · · · · · · · · · · 1.57 · · · −0.20 0 4 U
0298-51955-485 5650 4.0 −3.03 −56.3 0.1 203.723 0.377 −28.22 −13.61 2.71 2.71 2.00 · · · · · · 0 0 I
1700-53502-483 6300 4.0 −2.86 −219.6 0.1 204.671 12.071 −6.99 −38.87 2.60 2.60 2.03 · · · −0.53 0 4 T
0913-52433-073 6200 4.0 −3.24 120.2 0.5 207.306 −2.495 −5.30 −6.93 2.60 2.60 2.89 +3.01 +2.25 3 3 s 1100 I
1807-54175-089 6250 4.0 −2.98 202.5 0.2 210.147 7.888 −18.11 −12.11 2.43 2.43 3.46 · · · · · · 0 0 I
0605-52353-567 6300 4.0 −2.97 46.6 0.2 212.058 62.662 −13.31 −8.43 2.86 2.86 3.35 · · · · · · 0 0 I
1325-52762-194 6100 4.0 −3.42 −138.2 0.3 212.507 53.838 −6.72 −26.28 2.68 2.68 2.61 · · · · · · 0 0 I
2447-54498-274 6600 4.0 −3.19 −53.1 0.1 213.031 56.159 −33.29 −8.57 2.61 2.61 2.74 · · · · · · 0 0 T
0304-51609-528 5200 2.2 −3.03 −120.2 0.1 215.656 0.518 −2.34 2.91 2.92 2.92 5.03 +1.70 −1.18 3 4 no 1100 I
2447-54498-073 6350 4.0 −2.97 −0.8 0.1 216.174 56.260 −19.64 0.06 2.66 2.66 2.23 · · · · · · 0 0 I
1708-53503-250 6300 4.0 −3.08 −89.6 0.1 216.325 11.621 −29.68 21.37 2.41 2.41 2.13 · · · · · · 0 0 O
2539-53918-264 6450 4.0 −3.29 −0.6 0.2 216.422 57.702 −34.83 −3.46 2.78 2.78 2.94 · · · · · · 0 0 T
1709-53533-595 6400 4.0 −3.21 66.6 0.3 218.713 10.607 −9.65 −7.58 2.46 2.46 3.80 · · · · · · 0 0 I
1711-53535-285 6500 4.0 −3.49 −114.6 0.2 219.134 9.309 −30.96 −4.69 2.40 2.40 2.45 · · · · · · 0 0 I
0536-52024-405 6150 4.0 −3.60 −152.8 0.3 219.227 3.029 −12.56 −13.66 2.93 2.93 3.76 · · · · · · 0 0 I
1327-52781-480 6300 4.0 −2.90 59.5 0.1 219.287 52.530 −29.26 12.69 2.57 2.57 2.83 · · · · · · 0 0 O
0790-52433-535 6450 4.0 −3.02 −55.1 0.2 219.496 58.623 −43.69 −23.09 2.78 2.78 2.30 · · · · · · 0 0 T
1712-53531-636 6350 4.0 −2.99 −106.3 0.1 221.669 12.822 −43.66 3.57 2.58 2.58 2.62 · · · · · · 0 0 O
2910-54630-287 6350 4.0 −2.86 −279.0 0.1 225.572 31.221 9.41 −4.38 2.62 2.62 2.24 · · · · · · 0 0 T
1049-52751-126 6050 4.0 −3.31 −70.1 0.3 226.105 46.389 4.77 −10.99 2.73 2.73 3.09 · · · · · · 0 0 I
1050-52721-132 6300 4.0 −3.34 −25.9 0.3 228.893 45.055 −25.63 −18.75 2.62 2.62 2.97 · · · · · · 0 0 I
1677-53148-588 6500 4.0 −2.91 −152.7 0.3 229.195 43.559 −3.65 −7.01 2.68 2.68 3.56 · · · · · · 0 0 I
1354-52814-191 6200 4.0 −2.79 −32.2 0.4 230.494 34.625 −32.77 2.85 2.45 2.45 3.43 · · · · · · 0 0 O
1650-53174-492 6000 4.0 −3.59 −354.6 0.2 230.509 30.924 −22.72 −10.94 2.59 2.59 2.87 · · · · · · 0 0 I
2449-54271-200 5850 4.0 −3.06 −12.9 0.2 230.758 49.703 −8.31 1.76 2.59 2.59 1.96 · · · −0.07 0 4 I
2449-54271-142 6450 4.0 −2.99 −49.6 0.1 232.044 49.257 −31.79 −24.29 2.59 2.59 2.11 · · · · · · 0 0 I
1850-53786-467c 5850 4.0 −3.07 −122.4 0.2 237.822 25.360 −75.47 −7.09 2.62 2.62 2.38 · · · · · · 0 0 U
2459-54339-140 5850 4.0 −3.30 −187.3 0.3 238.295 25.194 3.58 2.61 2.61 2.61 3.74 · · · · · · 0 0 T
1578-53496-471 6000 4.0 −3.36 −103.8 0.1 240.766 29.286 −9.77 −35.64 2.41 2.41 2.99 · · · · · · 0 0 T
2178-54629-546e 5350 3.3 −2.86 20.4 0.1 243.109 4.363 −0.05 −15.64 2.61 2.61 7.84 +0.63 +0.05 2 2 no 0100 O
2176-54243-614e 5350 2.1 −3.33 −0.0 0.2 243.306 53.153 −4.19 5.33 2.79 2.79 11.54 +2.09 +0.03 3 2 no 0100 O
1172-52759-319 6350 4.0 −3.19 −76.2 0.3 245.799 39.222 −4.13 −7.22 2.61 2.61 2.97 · · · · · · 0 0 I
2202-53566-537 6400 4.0 −2.99 25.8 0.6 246.515 14.979 −20.98 −15.53 2.44 2.44 4.04 +2.86 +1.69 3 3 s 1100 T
1173-52790-561 6300 4.0 −2.88 −179.3 0.1 248.381 39.129 2.76 −2.85 2.63 2.63 3.37 · · · · · · 0 0 I
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TABLE 1
PARAMETERS FOR THE SAMPLE OF AOKI ET AL. (2013)
Name Teff log(g) [Fe/H] Vrad σVrad RA DEC PMRA PMDEC σPMRA σPMDEC d [C/Fe] [Ba/Fe] C Ba CEMP Sample Member
(K) (km s−1) (km s−1) (deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (kpc) Class
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
2174-53521-423 6450 4.0 −3.39 −51.1 0.3 250.022 37.152 −5.72 5.64 2.72 2.72 2.10 · · · · · · 0 0 I
1690-53475-323c 6100 4.0 −3.05 −18.7 0.2 251.542 28.406 −16.01 45.77 2.59 2.59 2.07 +2.52 +1.78 3 3 s 1100 U
2180-54613-258 6600 4.0 −2.56 −33.1 0.3 252.569 22.704 −5.93 −8.72 2.68 2.68 2.68 · · · · · · 0 0 I
0974-52427-332 6050 4.0 −3.24 −42.5 0.1 254.895 35.265 −17.92 −37.19 2.73 2.73 3.18 · · · · · · 0 0 O
2808-54524-510 5100 4.8 −3.21 −174.9 0.2 255.915 28.614 −27.48 −129.90 2.46 2.46 0.57 +0.28 · · · 2 0 I
2797-54616-258 6350 4.0 −2.85 −353.4 0.2 262.195 6.951 2.04 −19.18 2.28 2.28 2.81 · · · · · · 0 0 I
2799-54368-138 5200 2.7 −2.51 −211.9 0.1 263.575 43.268 0.79 −5.95 2.45 2.45 15.86 +1.78 +1.61 3 3 s 1100 O
2799-54368-502 5250 2.0 −3.29 −142.3 0.1 263.884 44.777 −6.71 0.94 2.43 2.43 12.00 · · · · · · 0 0 T
2799-54368-560 5450 3.0 −2.93 −310.1 0.1 264.117 44.343 −1.30 −5.39 2.43 2.43 10.55 · · · −0.47 0 4 T
2183-53536-175e 5350 2.6 −3.17 78.7 0.2 266.601 24.930 −6.70 0.91 2.39 2.39 11.26 +1.24 +0.26 3 2 no 0100 O
2798-54397-354 6550 4.0 −3.01 −271.0 0.2 277.691 41.691 −0.56 21.55 2.54 2.54 2.65 · · · · · · 0 0 T
2534-53917-002 6550 4.0 −1.98 −17.5 0.2 278.560 20.393 −13.36 0.61 2.54 2.54 3.10 · · · · · · 0 0 I
2552-54632-090 5350 3.0 −2.85 −423.3 0.2 279.007 63.291 −5.03 −1.39 2.36 2.36 0.79 +2.02 +2.37 3 3 s 1100 I
2303-54629-377 6600 4.0 −3.34 −55.6 0.3 301.306 −10.751 17.34 −2.94 2.32 2.32 3.10 · · · · · · 0 0 I
2815-54414-098 6050 4.0 −2.80 −184.2 0.1 313.220 1.161 −7.81 −3.23 2.63 2.63 3.41 · · · · · · 0 0 I
1918-53240-306 5250 2.0 −3.43 −110.6 0.2 316.228 −1.078 0.21 2.72 2.58 2.58 11.70 · · · −0.72 0 4 T
1112-53180-325 6250 4.0 −2.75 −270.6 0.2 317.856 1.156 5.79 −13.80 2.26 2.26 3.02 · · · +0.07 0 2 I
2305-54414-429 6650 4.0 −2.91 −199.7 0.8 319.709 −6.682 8.97 −4.38 2.73 2.73 3.01 · · · · · · 0 0 I
2305-54414-081 6350 4.0 −2.88 −167.3 0.2 320.795 −8.344 −0.66 −35.54 2.73 2.73 3.11 · · · · · · 0 0 T
0641-52199-315 6150 4.0 −2.76 −178.2 0.1 322.172 −7.941 −5.78 −3.11 2.70 2.70 3.02 · · · +0.58 0 3 I
2309-54441-290e 5100 2.1 −3.17 14.9 0.1 331.693 −9.429 1.86 2.68 2.68 2.68 9.81 +0.64 −0.85 2 4 no 0100 I
2251-53557-279 6200 4.0 −2.42 −150.8 0.2 331.931 20.298 10.44 10.96 2.40 2.40 3.65 · · · −0.42 0 4 T
2308-54379-227 6450 4.0 −2.85 −136.5 0.2 332.190 6.228 −1.52 −11.00 2.45 2.45 2.01 · · · · · · 0 0 I
2309-54441-564 5150 1.8 −2.55 −392.4 0.1 333.392 −7.434 −1.26 −1.97 2.60 2.60 13.49 · · · −0.69 0 4 T
2310-53710-131 6450 4.0 −2.94 −244.7 0.2 345.110 5.999 6.40 −10.22 2.44 2.44 2.92 · · · · · · 0 0 I
0726-52226-335 6100 4.0 −2.74 −111.4 0.2 347.062 −8.924 25.45 5.67 2.66 2.66 2.66 · · · · · · 0 0 T
2623-54096-458 6350 4.0 −3.09 −307.5 0.6 347.498 23.134 3.20 −8.64 2.50 2.50 2.22 · · · · · · 0 0 I
0747-52234-337 6550 4.0 −2.91 −130.1 0.3 353.513 15.641 37.81 −14.62 2.56 2.56 2.56 · · · · · · 0 0 T
2622-54095-483 4900 1.9 −3.12 −156.9 0.2 354.573 9.035 −0.61 −1.39 2.35 2.35 17.13 · · · −0.75 0 4 T
1882-53262-132 6250 4.0 −3.20 −87.4 1.1 357.415 38.538 35.39 12.12 2.51 2.51 3.02 · · · · · · 0 0 O
1489-52991-251e 5200 4.8 −3.20 −9.4 0.2 359.329 −0.880 46.27 −171.80 2.55 2.55 0.64 +0.57 +1.33 2 3 s 0100 T
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TABLE 1
PARAMETERS FOR THE SAMPLE OF AOKI ET AL. (2013)
Name Teff log(g) [Fe/H] Vrad σVrad RA DEC PMRA PMDEC σPMRA σPMDEC d [C/Fe] [Ba/Fe] C Ba CEMP Sample Member
(K) (km s−1) (km s−1) (deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (kpc) Class
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
NOTE. — In column (16) the identifier “C” is a flag indicating the following:
C = 0: No carbon is detected (carbon-unknown).
C = 1: Carbon measurement indicates upper limit on [C/Fe] > +0.7 (carbon-indeterminate).
C = 2: Carbon measurement indicates [C/Fe] < +0.7 or upper limit on [C/Fe] indicates [C/Fe] < +0.7 (carbon-normal).
C = 3: Carbon measurement indicates [C/Fe]≥ +0.7 or lower limit on [C/Fe] indicates [C/Fe] > +0.7 (carbon-enhanced).
In column (17) the identifier “Ba” is a flag indicating the following:
Ba = 0: No barium is detected (barium-unknown).
Ba = 1: Barium measurement indicates upper limit on [Ba/Fe] > 0.0 (barium-indeterminate).
Ba = 2: Barium measurement indicates 0.0 < [Ba/Fe] < +1.0 (barium-normal).
Ba = 3: Barium measurement indicates [Ba/Fe]≥ +1.0 (barium-enhanced).
Ba = 4: Barium measurement indicates x[Ba/Fe]≤ 0.0 or upper limit on [Ba/Fe]≤ 0 (barium-deficient).
Column (18) indicates the adopted CEMP-subclass (CEMP-s or CEMP-no); column (19) indicates the assignment into the sub-sample used for the kinematic analysis in the form of a 4 digit code, with each digit set to 1 if the star is a member
of the sub-sample, 0 if not, in the order – Strict Sample (SS), Extended Sample (ES), CEMP star without sub-class assignment in Strict Sample (CSS), and CEMP star without sub-class assignment in Extended Sample (CES); column (20)
indicates the halo component into which stars with kinematic information have been assigned based on the criteria described in the text. “O” indicates outer halo, “I” indicates inner halo, “T” indicates the transition zone, and “U” indicates that
the star was unclassified (star is on an unbound orbit, or is missing the information required for making this assignment).
a This star does not have a well-measured distance available.
b This star does not have a well-measured proper motion available.
c This star is unbound from the Galaxy, according to its derived orbital parameters.
d Unknown [BaFe], but classified as CEMP-no by Aoki et al. (2013).
e Likely CEMP (+0.5≤ [C/Fe] < +0.7); CEMP-s (Ba≥ +0.8); CEMP-no (0.0≤ [Ba/Fe]≤ +0.3, or based on pattern of light-element abundances.
f This star is also in the Yong et al. sample – 2848-54453-252 = CS 29527-015; 2044-53327-515 = 53327-2044-515; 2667-54142-094 = 54142-2667-094; 2036-53446-324 = 53436-1996-093
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TABLE 2
PARAMETERS FOR THE SAMPLE OF YONG ET AL. (2013)
Name Teff log(g) [Fe/H] Vrad σVrad RA DEC PMRA PMDEC σPMRA σPMDEC d [C/Fe] [Ba/Fe] C Ba CEMP Sample Member
(K) (km s−1) (km s−1) (deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (kpc) Class
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
CS 22957-022 5146 2.4 −2.92 −33.8 0.2 0.440 −5.830 1.1 −28.4 2.7 2.7 3.30 +0.16 −1.09 2 4 T
CS 29503-010a 6570 4.3 −1.00 −24.3 0.1 1.231 −24.405 −11.5 −3.6 1.9 1.6 · · · +1.07 +1.51 3 3 s 1100 U
CS 31085-024 5778 4.6 −2.80 −322.0 0.2 2.116 10.906 66.0 −36.0 2.0 2.0 0.38 +0.36 −0.57 2 4 I
BS 17570-063 6233 4.5 −2.95 184.4 0.3 5.151 23.794 38.0 −30.0 4.0 1.0 0.77 +0.40 −0.26 2 4 T
HE 0024-2523 6635 4.1 −2.82 −181.6 1.0 6.865 −25.108 −23.7 −66.4 2.0 2.2 1.75 +2.62 +1.52 3 3 s 1100 O
CS 29527-015j 6577 3.9 −3.32 50.9 0.3 7.295 −19.169 64.0 −33.8 1.9 1.9 1.62 +1.18 · · · 3 0 0011 O
CS 30339-069 6326 3.8 −3.05 34.8 0.3 7.567 −35.948 25.7 −23.8 3.5 2.0 2.12 +0.56 · · · 2 0 0001 I
CS 31062-050 5607 3.5 −2.28 7.8 0.7 7.629 −12.086 47.8 −28.1 1.4 1.4 1.02 +2.00 +2.30 3 3 s 1100 I
HE 0028-2152 6184 3.8 −2.74 162.5 1.5 7.782 −21.602 9.8 −20.8 1.1 1.0 3.35 · · · −0.54 0 4 I
HD 2796 4923 1.8 −2.31 −60.9 1.0 7.820 −16.795 −1.7 −52.4 1.0 0.7 0.61 −0.50 −0.14 2 4 I
CS 31062-041d 4990 2.0 −2.65 −172.5 0.1 8.763 −15.908 −1.4 −7.2 3.9 3.9 6.37 +0.58 −0.42 2 4 no 0100 I
SDSS 0036-10 6479 4.3 −2.60 −146.2 0.2 9.009 −10.727 −12.0 −50.0 1.0 2.0 1.68 +2.32 +0.40 3 2 0011 T
CS 29497-034 4983 2.0 −3.00 −49.5 0.1 10.416 −26.315 16.4 −26.9 1.5 1.2 2.92 +2.72 +2.28 3 3 s 1100 I
CS 31062-012 6190 4.5 −2.67 80.6 0.3 11.015 −13.924 −15.5 −298.1 1.9 1.5 0.26 +2.12 +2.32 3 3 s 1100 I
HD 4306 4854 1.6 −3.04 −69.7 0.3 11.363 −9.544 60.1 20.7 1.0 0.8 1.03 +0.11 −1.17 2 4 T
CD-38:245 4857 1.5 −4.15 46.4 1.0 11.651 −37.659 19.0 −11.1 0.8 0.8 4.31 < −0.33 −0.76 2 4 I
HE 0049-3948 6466 3.8 −3.68 190.7 0.6 13.056 −39.544 −11.2 −8.3 5.2 4.3 2.83 < +1.81 < +0.14 1 2 T
HE 0054-2123 6424 4.3 −2.59 61.2 1.5 14.222 −21.125 11.6 −10.5 2.2 2.3 1.58 · · · −0.27 0 4 I
HE 0057-5959 5257 2.7 −4.08 375.3 0.5 14.975 −59.725 3.1 −9.4 1.4 1.4 8.36 +0.86 −0.46 3 4 no 1100 O
CS 22953-003 5002 2.0 −2.93 208.5 1.0 15.566 −61.729 −3.7 −16.3 0.7 0.7 5.97 +0.30 +0.49 2 2 O
HD 6268 4696 1.2 −2.74 39.2 0.3 15.826 −27.881 −27.2 −33.7 0.8 1.2 0.94 −0.67 −0.04 2 4 I
HE 0102-0633h 6371 3.8 −2.90 3.8 1.5 16.357 −6.293 7.6 −27.8 3.9 3.9 2.49 +0.87 −0.54 3 4 no 1100 I
HE 0102-1213 6100 3.7 −3.28 90.5 0.5 16.366 −11.959 −26.0 −69.5 2.5 2.5 1.40 +1.31 −0.64 3 4 no 1100 O
HE 0105-2202 6267 4.4 −2.75 −77.3 1.5 16.880 −21.768 6.4 −5.5 2.3 2.3 1.47 · · · −0.27 0 4 I
CS 22183-031 5202 2.5 −3.17 11.8 0.7 17.271 −4.723 16.5 −8.9 4.1 4.1 3.23 +0.42 −0.33 2 4 I
HE 0107-5240d 5100 2.2 −5.54 44.1 0.4 17.371 −52.409 4.2 −0.2 1.0 1.0 9.61 +3.85 < +0.82 3 1 no 1100 I
CS 29518-020 6435 4.3 −2.65 −22.2 0.3 18.055 −31.001 42.5 −10.1 1.1 1.1 0.80 · · · · · · 0 0 I
CS 22174-007 5265 2.8 −2.39 −70.8 0.1 18.527 −11.043 27.0 −36.7 2.0 2.0 1.38 +0.41 −0.14 2 4 I
CS 29518-043 6550 4.3 −3.14 144.8 0.3 19.660 −30.684 36.7 −5.9 2.2 1.8 1.15 · · · · · · 0 0 I
CS 29518-051 5100 2.3 −2.64 96.4 1.0 21.042 −28.256 6.3 −15.0 1.2 1.2 3.30 −0.13 −0.45 2 4 I
CS 22953-037 6627 4.1 −2.70 163.3 0.3 21.278 −59.267 60.9 38.3 1.2 1.2 0.96 +0.37 · · · 2 0 T
CS 31082-001 4866 1.7 −2.75 139.0 0.7 22.380 −16.013 12.5 −42.9 1.5 1.5 3.30 +0.16 +1.02 2 3 O
HE 0130-2303 6548 4.3 −3.02 74.2 1.0 23.326 −22.810 25.1 −13.2 1.3 1.3 1.29 · · · −0.71 0 4 I
HE 0132-2439d 5249 2.6 −3.79 292.0 1.0 23.745 −24.405 −2.4 −4.3 1.5 1.4 5.38 +0.62 −0.88 2 4 no 0100 O
53327-2044-515j 5703 4.0 −4.05 −193.5 0.5 25.151 23.749 −0.4 −30.1 4.0 4.0 0.62 +1.57 < −0.04 3 4 no 1100 I
HE 0142+0147 6244 3.8 −2.67 −97.1 1.5 26.200 2.038 14.7 −18.4 3.7 3.7 3.01 · · · −0.32 0 4 I
HE 0143-0441 6276 3.8 −2.32 121.8 1.5 26.408 −4.445 13.0 −16.9 4.2 4.2 3.99 +1.82 +2.42 3 3 s 1100 I
HE 0146-1548 4636 1.0 −3.46 −114.9 0.5 27.145 −15.557 0.0 −0.5 3.8 3.8 37.77 +0.84 −0.71 3 4 no 1100 O
HE 0148-2611 6605 4.2 −3.05 −223.1 1.0 27.748 −25.951 31.2 −51.6 1.3 1.3 1.22 · · · · · · 0 0 I
HE 0206-1916 5073 2.2 −2.52 −200.0 0.1 32.332 −19.032 −3.0 −11.9 2.4 1.7 4.59 +2.10 +1.99 3 3 s 1100 T
HE 0207-1423c 5023 2.1 −2.95 −209.6 0.5 32.503 −14.153 23.3 −2.4 4.1 4.1 10.05 +2.38 +1.73 3 3 s 1100 U
HE 0218-2738 6593 4.3 −3.57 134.0 1.0 35.266 −27.411 −13.7 −12.8 2.4 1.7 1.35 · · · · · · 0 0 I
HE 0228-4047 6515 4.1 −3.75 125.1 0.9 37.640 −40.565 11.7 20.3 2.0 1.6 1.39 < +1.88 < +0.40 1 2 I
HE 0231-6025 6437 4.4 −3.10 296.6 0.5 38.127 −60.203 15.3 −19.2 1.9 1.8 1.13 < +1.64 −0.10 1 4 I
CS 31061-032d 6448 4.3 −2.56 21.0 0.3 39.680 3.317 0.1 −21.7 3.9 3.9 0.75 +0.56 −0.40 2 4 no 0100 I
CS 22189-009 4944 1.8 −3.48 −20.2 1.0 40.427 −13.470 9.9 −2.4 4.0 4.0 8.05 +0.31 −1.29 2 4 T
HE 0242-0732 6572 4.3 −3.30 −188.9 1.0 41.253 −7.328 20.1 −32.9 4.3 4.3 2.00 · · · · · · 0 0 I
HE 0253-1331 6474 4.3 −3.01 25.2 0.5 44.028 −13.324 13.4 −19.5 4.1 4.1 1.68 < +1.64 +0.33 1 2 I
CS 22963-004 5597 3.3 −3.54 292.4 0.2 44.194 −4.855 23.0 −3.2 4.2 4.2 2.80 +0.40 −0.51 2 4 T
CS 31078-018 5100 2.3 −2.99 81.3 0.2 45.253 6.276 19.9 −12.3 4.0 4.0 3.24 +0.37 +0.38 2 2 I
LP 831-70 6408 4.4 −2.95 −48.2 1.5 46.523 −22.322 112.3 −120.8 1.1 0.9 0.25 · · · −1.55 0 4 I
CS 22968-014 4864 1.6 −3.58 159.1 1.0 46.623 −54.509 −2.0 −7.1 1.5 1.6 8.93 +0.25 −1.77 2 4 T
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TABLE 2
PARAMETERS FOR THE SAMPLE OF YONG ET AL. (2013)
Name Teff log(g) [Fe/H] Vrad σVrad RA DEC PMRA PMDEC σPMRA σPMDEC d [C/Fe] [Ba/Fe] C Ba CEMP Sample Member
(K) (km s−1) (km s−1) (deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (kpc) Class
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
CS 22172-002 4893 1.7 −3.77 251.0 1.0 48.587 −10.586 7.0 −14.3 1.4 2.0 4.82 0.00 −1.17 2 4 T
HE 0314-1739 6570 4.3 −2.86 40.9 0.5 49.257 −17.482 10.0 −26.5 4.2 4.2 2.59 < +1.49 < −0.27 1 4 I
HE 0336+0113c 5819 3.6 −2.60 66.6 1.5 54.720 1.385 106.7 −38.7 7.7 7.7 2.11 +2.25 +2.69 3 3 s 1100 U
HE 0355-3728 6418 4.1 −3.41 82.0 1.8 59.152 −44.568 1.2 −29.1 5.2 5.2 1.80 < +2.14 < +0.21 1 1 I
HE 0400-2030 5579 3.5 −1.68 221.8 0.1 60.562 −20.365 3.6 −4.4 1.8 1.8 1.28 +1.14 +1.85 3 3 s 1100 I
CS 22177-009 6423 4.4 −2.98 −208.4 0.3 61.919 −25.046 20.5 −60.7 1.4 1.4 0.84 +0.38 · · · 2 0 T
CS 22169-035 4654 1.1 −2.95 16.1 0.9 63.058 −12.085 7.8 −6.8 2.0 2.1 9.39 −0.24 −1.19 2 4 T
CS 22186-025 4871 1.7 −3.07 −122.4 1.0 66.137 −37.151 3.0 −1.3 5.1 5.0 10.45 −0.54 +0.02 2 2 T
HE 0441-0652 4811 1.5 −2.77 −29.8 0.1 70.875 −6.782 7.0 −6.5 3.9 3.9 10.42 +1.38 +1.20 3 3 s 1100 O
BD+03:740d 6485 4.3 −2.70 173.8 0.6 75.319 4.110 155.8 −144.6 1.0 0.8 0.12 +0.59 −0.42 2 4 no 0100 I
HE 0507-1653 4935 1.9 −1.32 353.0 0.1 77.319 −16.835 8.4 5.1 1.3 1.3 3.34 +1.29 +1.56 3 3 s 1100 T
HE 0508-1555 6451 4.3 −2.40 88.5 1.5 77.648 −15.861 5.0 −11.7 4.1 4.1 1.43 · · · −0.13 0 4 I
HE 0557-4840d 4900 2.2 −4.81 211.8 0.2 89.664 −48.666 1.3 3.4 2.1 2.2 10.49 +1.65 +0.03 3 2 no 0100 T
54142-2667-094j 6456 3.9 −2.96 43.4 0.7 132.903 10.301 −7.4 −16.4 3.9 3.9 2.35 < +1.39 < −0.43 1 4 I
52972-1213-507 6463 4.3 −2.98 −177.0 0.5 139.708 37.741 −8.2 −31.2 4.2 4.2 1.88 +2.82 +1.70 3 3 s 1100 I
SDSS 0924+40c 6196 3.8 −2.68 −366.2 0.2 141.008 40.991 −32.0 −46.2 3.9 3.9 2.91 +2.72 +1.73 3 3 s 1100 U
HE 0945-1435 6344 4.1 −3.78 121.8 0.5 146.961 −14.819 −20.3 −2.5 2.5 2.3 0.96 < +1.70 < +0.25 1 1 I
HE 1005-1439 5202 2.5 −3.09 86.9 0.2 151.968 −14.906 6.5 −22.5 2.0 2.0 3.09 +2.48 +1.17 3 3 s 1100 I
HD 88609 4541 0.8 −2.98 −37.3 0.4 153.621 53.561 3.0 −31.4 0.6 0.7 1.76 −0.51 −1.05 2 4 I
HE 1012-1540c 5745 3.5 −3.47 226.2 1.5 153.723 −15.931 −104.3 27.6 1.7 2.4 1.63 +2.22 −0.25 3 4 no 1100 U
BS 16469-075c 4919 1.8 −3.25 332.9 0.7 153.792 42.888 10.7 −21.6 4.0 4.0 6.30 +0.21 −1.12 2 4 U
HE 1031-0020 5043 2.1 −2.79 69.7 1.5 158.601 −0.602 6.1 −17.1 3.8 3.8 6.30 +1.63 +1.61 3 3 s 1100 O
HE 1055+0104 6287 4.1 −2.88 324.6 0.5 164.518 0.810 0.6 −35.5 4.0 4.0 0.75 < +1.20 < −0.39 1 4 I
HE 1116-0054 6454 4.1 −3.49 148.8 0.8 169.699 −1.189 16.0 −38.0 3.0 2.0 2.07 < +1.72 < +0.16 1 1 T
BS 16545-089 6486 3.8 −3.44 −161.1 0.5 171.115 36.841 14.0 −22.0 2.0 3.0 1.85 < +1.77 < −0.18 1 4 I
53436-1996-093j 6449 4.4 −3.53 −16.8 0.8 172.057 38.697 −33.4 −0.9 4.0 4.0 1.48 < +1.66 < +0.05 1 1 I
BS 16077-007d 6486 4.3 −2.77 −38.3 0.2 173.825 31.007 −34.7 −78.7 1.6 1.6 0.41 +0.60 −0.23 2 4 no 0100 I
HE 1142-1422a 6328 2.8 −2.84 −102.3 0.5 176.246 −14.647 0.4 −3.6 2.3 2.4 · · · +1.57 +0.44 3 2 0011 U
HE 1150-0428 5208 2.5 −3.47 46.6 1.5 178.278 −4.751 −1.6 −9.8 3.9 3.9 5.97 +2.37 −0.48 3 4 no 1100 I
HE 1201-1512d 5725 4.0 −3.89 238.0 0.5 180.904 −15.493 −12.1 −70.4 2.9 1.7 0.34 +1.14 < +0.05 3 1 no 0100 I
HE 1204-0744 6500 4.3 −2.71 −49.7 2.7 181.692 −8.012 18.7 −30.3 4.0 4.0 1.29 < +1.55 < −0.18 1 4 I
BS 16920-017 4851 1.6 −3.40 −206.5 0.8 181.820 41.659 0.6 −7.4 4.2 4.2 9.63 < −0.07 −1.83 2 4 T
HE 1207-3108 5294 2.8 −2.70 −3.7 0.5 182.475 −31.420 −25.0 −25.4 1.3 0.9 1.35 < −0.27 < −1.67 2 4 I
BS 16928-053 4679 1.2 −2.93 −81.1 0.3 185.617 34.192 −4.5 −7.3 4.3 4.3 11.79 −0.24 −0.79 2 4 T
BS 16085-050 4910 1.8 −3.16 −75.0 0.3 189.444 19.380 1.3 −12.0 2.5 2.5 3.57 < −0.52 −1.56 2 4 I
BS 16076-006 5566 3.3 −3.51 206.0 0.3 192.095 20.946 −27.3 −11.6 1.9 1.9 1.43 +0.34 < −1.00 2 4 I
HE 1300+0157 5529 3.3 −3.75 74.1 1.0 195.734 1.698 −8.7 −2.9 4.1 4.1 2.05 +1.31 < −0.85 3 4 no 1100 I
BS 16929-005 5229 2.6 −3.34 −51.8 1.0 195.873 33.853 −6.1 −3.8 3.8 3.8 3.13 +0.99 −0.41 3 4 no 1100 I
HD 115444 4711 1.2 −2.65 −27.4 1.0 199.177 36.381 4.9 −60.4 0.9 0.8 1.41 −0.41 +0.14 2 2 I
HE 1320+0038 6566 4.0 −2.68 22.0 1.5 200.647 0.376 −24.8 9.6 4.1 4.1 1.16 · · · −0.41 0 4 I
HE 1319-1935 4691 1.3 −2.22 369.0 0.1 200.661 −19.853 −4.1 0.5 1.8 1.8 14.09 +1.45 +1.68 3 3 s 1100 O
HE 1320-2952c 5106 2.3 −3.69 390.0 0.6 200.730 −30.135 8.1 −24.9 4.2 4.2 4.94 < +0.52 −0.96 2 4 U
HE 1327-2326d 6180 3.7 −5.76 63.8 0.8 202.525 −23.697 −53.3 48.1 1.6 1.2 1.19 +3.90 < +1.42 3 1 no 1100 O
BS 16467-062 5310 2.8 −3.80 −91.6 0.9 205.503 17.811 −20.5 4.1 4.0 4.0 3.20 +0.40 · · · 2 0 T
BS 16082-129 4868 1.7 −2.84 −92.2 0.3 206.799 28.963 −17.5 −8.0 3.7 3.7 7.44 +0.29 −0.97 2 4 O
HE 1346-0427 6255 4.1 −3.58 −47.8 0.5 207.355 −4.704 −96.0 14.0 3.0 4.0 0.66 < +1.10 < +0.01 1 1 I
HE 1347-1025 5206 2.5 −3.71 48.6 1.5 207.593 −10.672 −3.5 −9.4 4.1 4.1 6.09 +0.15 −0.50 2 4 I
HE 1356-0622 4953 1.9 −3.63 93.5 1.5 209.876 −6.610 −11.1 −2.5 4.3 4.3 7.64 < −0.05 −1.11 2 4 I
BS 16023-046 6571 4.3 −2.83 −7.5 0.3 210.227 22.778 −40.0 −40.0 2.0 1.0 1.01 +0.55 · · · 2 0 0001 I
HD 122563 4843 1.6 −2.54 −26.7 0.7 210.633 9.686 −188.9 −70.0 0.5 0.3 0.27 −0.44 −1.12 2 4 I
HE 1402-0523 6418 4.1 −3.18 −68.8 0.5 211.158 −5.637 −15.5 −35.9 4.3 4.3 1.48 < +1.50 < −0.09 1 4 I
BS 16550-087 4754 1.3 −3.54 −147.2 0.3 212.611 18.023 −5.6 4.6 3.6 3.6 11.39 −0.49 −0.75 2 4 O
20
C
arollo
et
al
.
TABLE 2
PARAMETERS FOR THE SAMPLE OF YONG ET AL. (2013)
Name Teff log(g) [Fe/H] Vrad σVrad RA DEC PMRA PMDEC σPMRA σPMDEC d [C/Fe] [Ba/Fe] C Ba CEMP Sample Member
(K) (km s−1) (km s−1) (deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (kpc) Class
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
HE 1424-0241 5260 2.7 −4.05 60.4 1.5 216.668 −2.908 −2.8 −1.2 4.0 4.0 5.29 < +0.63 −0.75 2 4 I
HD 126587 4853 1.6 −3.00 148.7 0.7 216.752 −22.244 −14.4 −51.3 0.8 0.8 0.93 +0.19 −0.10 2 4 I
HE 1429-0551 4757 1.4 −2.60 −44.9 0.1 218.130 −6.083 −15.9 −19.5 4.0 4.0 6.06 +2.28 +1.47 3 3 s 1100 O
BS 16477-003 4879 1.7 −3.39 −222.6 1.0 218.237 6.769 −10.1 −4.0 4.0 4.0 10.41 +0.29 −0.45 2 4 O
CS 30325-094 4948 1.9 −3.35 −157.8 1.0 223.664 4.361 −32.2 −20.1 2.0 2.0 3.57 0.00 −1.88 2 4 O
BS 16968-061 6343 3.8 −2.85 −80.7 0.3 225.275 3.713 −95.4 −89.5 9.0 9.0 0.98 +0.45 · · · 2 0 T
CS 30325-028 4894 1.7 −2.87 148.8 0.2 226.333 6.285 −10.1 4.9 2.4 2.4 5.03 +0.38 −0.49 2 4 T
CS 30301-024 6584 4.0 −2.54 −67.7 0.3 227.124 −0.600 −33.8 −23.1 1.8 1.7 0.71 +0.23 −0.28 2 4 I
CS 30301-015 4889 1.7 −2.73 86.5 0.4 227.237 2.505 −16.5 −8.9 4.0 4.0 5.33 +1.60 +1.45 3 3 s 1100 I
HE 1506-0113 5016 2.0 −3.54 −137.1 0.3 227.310 −1.416 −11.8 −0.8 4.1 4.1 9.71 +1.47 −0.80 3 4 no 1100 O
CS 30306-132 5047 2.2 −2.56 109.0 0.3 228.579 7.451 −16.0 7.9 4.0 4.0 3.35 +0.34 +0.22 2 2 T
CS 30312-059 4908 1.8 −3.22 −155.8 0.2 233.704 −1.394 −17.7 −7.0 3.7 3.7 5.14 +0.27 −0.14 2 4 I
HD 140283 5711 3.5 −2.56 −170.9 0.7 235.763 −10.933 −1115.9 −302.5 0.8 0.8 0.07 +0.28 −0.94 2 4 I
CS 30312-100d 5117 2.3 −2.66 −122.7 0.1 235.882 2.021 18.2 −19.5 3.6 3.6 2.81 +0.54 −0.73 2 4 no 0100 O
CS 22884-108 6107 4.5 −3.30 −18.1 0.3 237.490 −9.236 −17.6 −5.3 4.0 4.0 0.54 < +0.92 +0.15 1 2 I
BS 16084-160 4727 1.3 −3.20 −130.4 0.2 247.212 54.619 −3.8 2.4 1.0 0.7 9.14 −0.12 −2.06 2 4 I
CS 22872-102d 5911 3.6 −2.94 −58.1 0.2 247.336 −3.082 −16.0 −86.0 2.0 3.0 1.04 +0.60 −0.62 2 4 no 0100 I
CS 22878-027 6319 4.4 −2.51 −90.8 0.3 249.399 10.369 −5.9 −45.8 4.0 4.0 0.77 +0.86 < −0.75 3 4 no 1100 I
BS 16080-054 4902 1.8 −2.94 −120.3 0.3 249.827 60.962 −9.5 17.0 2.7 2.7 4.76 −0.45 −0.21 2 4 O
CS 22878-101c 4796 1.4 −3.31 −131.7 1.0 251.381 8.246 −19.1 3.1 3.9 3.9 9.43 −0.29 −0.64 2 4 U
BS 16080-093 4945 1.9 −3.23 −205.2 0.2 252.660 59.218 −5.8 3.4 3.5 3.9 6.42 < −0.63 −0.19 2 4 I
G 139-8 6266 4.4 −2.03 −114.0 1.0 255.433 16.151 −286.6 −244.2 1.4 1.4 0.19 · · · −0.82 0 4 I
BD+17:3248 5240 2.7 −2.17 −146.6 1.0 262.060 17.510 −47.5 −24.2 0.8 0.9 0.37 −0.37 +0.69 2 3 I
BD+23:3130 5262 2.8 −2.52 −285.1 0.2 263.173 23.737 −332.2 −87.3 0.5 0.7 0.29 +0.11 −0.56 2 4 T
CS 22891-209 4699 1.2 −3.32 80.1 1.0 295.509 −61.062 8.3 −14.1 1.1 1.2 6.04 −0.65 −0.55 2 4 T
CS 22896-154 5100 2.3 −2.85 137.9 1.0 295.612 −56.976 −16.7 −20.1 0.9 0.9 4.19 +0.23 +0.51 2 2 T
HD 186478 4629 1.1 −2.68 31.1 0.7 296.309 −17.491 −20.4 −84.0 1.0 0.7 1.58 −0.28 −0.04 2 4 O
CS 22873-055c 4551 0.8 −2.99 214.4 1.0 298.457 −59.667 −15.9 −3.5 1.3 1.3 10.77 −0.73 −0.45 2 4 U
BD-18:5550c,e 4558 0.8 −3.20 −124.9 1.0 299.707 −18.203 11.9 −91.8 1.2 0.7 2.23 −0.02 −0.74 2 4 no 1100 U
CS 22873-166e 4516 0.8 −2.74 −17.1 1.0 304.842 −61.504 −15.5 −11.2 1.1 1.1 7.54 −0.13 −0.70 2 4 no 0100 O
CS 22885-096 4992 1.9 −3.86 −250.2 1.0 305.213 −39.892 −3.0 −7.3 1.6 1.6 5.20 +0.26 −1.10 2 4 I
CS 22950-046 4769 1.4 −3.39 106.7 1.0 305.368 −13.276 6.7 0.5 3.1 3.5 11.97 · · · −1.23 0 4 O
HE 2020-5228 6305 3.8 −2.93 −41.5 2.2 306.071 −52.317 −3.0 0.1 1.3 1.3 3.66 < +1.66 < −0.33 1 4 I
HE 2032-5633 6457 3.8 −3.63 260.5 0.5 309.104 −56.385 −26.7 −8.9 1.1 1.1 2.34 < +2.36 < +0.31 1 1 T
HD 196944 5255 2.7 −2.44 −174.8 0.4 310.192 −6.797 40.8 −25.9 0.9 0.9 0.25 +1.20 +1.10 3 3 s 1100 I
CS 30336-049 4725 1.2 −4.10 −236.6 0.8 311.348 −28.710 −1.9 −7.0 2.0 2.1 14.11 < +0.23 < −1.55 2 4 T
CS 22880-086 5196 2.5 −3.05 −114.0 0.2 311.448 −18.559 5.4 −6.4 4.0 2.3 4.45 +0.24 −0.85 2 4 I
CS 22880-074 5621 3.5 −2.29 59.6 0.5 311.513 −20.987 10.4 −61.3 1.3 1.3 1.09 +1.30 +1.31 3 3 s 1100 I
SDSS 2047+00 6383 4.4 −2.36 −417.9 0.2 311.870 0.265 19.5 −36.4 3.8 3.8 1.73 +2.00 +1.70 3 3 s 1100 T
HE 2047-5612 6128 3.7 −3.14 −50.0 1.6 312.842 −56.015 14.7 −28.3 1.7 1.8 2.59 < +1.37 < −0.39 1 4 I
CS 22897-008e 4795 1.4 −3.50 266.7 1.0 315.799 −65.086 −3.8 −5.8 0.9 1.0 8.78 +0.56 −1.00 2 4 no 0100 I
CS 29498-043i 4639 1.0 −3.49 −32.6 0.3 315.967 −29.714 −3.4 −2.7 1.9 1.7 13.65 +2.72 −0.51 3 4 no 1100 I
CS 29506-007 6522 3.9 −2.73 55.8 0.3 320.119 −20.773 3.1 −22.1 4.0 4.0 1.39 +0.49 +0.09 2 2 I
CS 29506-090 6603 4.2 −2.62 −21.3 0.3 322.620 −22.178 −11.8 −41.5 1.2 1.2 1.15 +0.41 −0.35 2 4 I
HE 2133-1426h 6350 4.4 −2.89 19.6 1.0 324.030 −14.210 22.2 −6.6 2.8 3.5 1.35 +1.79 +2.34 3 3 s 1100 I
CS 29495-041 4740 1.3 −2.74 79.6 1.0 324.139 −28.313 −1.5 −11.4 1.6 1.6 9.52 −0.07 −0.65 2 4 T
CS 22948-027 5011 2.1 −2.45 62.5 0.1 324.441 −39.456 0.6 −30.4 1.4 1.2 3.13 +2.00 +1.85 3 3 s 1100 I
HE 2135-1924 6449 4.4 −3.31 −252.9 1.6 324.520 −19.185 2.4 −24.7 1.8 1.8 1.45 < +1.74 < +0.00 1 4 I
HE 2136-6030 6409 3.8 −2.88 156.5 2.8 325.164 −60.274 3.1 −8.2 2.1 2.3 2.96 < +1.71 +0.02 1 2 I
BS 17583-100d 5950 3.7 −2.53 −108.4 0.3 325.616 26.677 47.4 −13.7 1.0 0.8 0.63 +0.53 −0.33 2 4 no 0100 I
HE 2139-5432 5416 3.0 −4.02 114.6 0.6 325.677 −54.312 1.2 −2.8 1.0 1.0 4.72 +2.59 < −0.33 3 4 no 1100 I
HE 2141-0726 6551 4.3 −2.72 −38.1 0.5 326.028 −7.214 −36.8 −15.5 4.1 4.1 1.73 < +1.55 < −0.37 1 4 T
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TABLE 2
PARAMETERS FOR THE SAMPLE OF YONG ET AL. (2013)
Name Teff log(g) [Fe/H] Vrad σVrad RA DEC PMRA PMDEC σPMRA σPMDEC d [C/Fe] [Ba/Fe] C Ba CEMP Sample Member
(K) (km s−1) (km s−1) (deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (kpc) Class
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
CS 22948-066i 5077 2.2 −3.20 −170.6 1.0 326.213 −37.465 −2.0 −5.5 1.2 1.2 4.42 −0.74 −1.15 2 4 I
HE 2142-5656 4939 1.9 −2.87 103.4 0.5 326.585 −56.705 −7.0 −5.2 0.7 0.8 6.86 +0.95 −0.63 3 4 no 1100 I
CS 22944-032 5293 2.8 −2.98 17.1 0.2 326.930 −13.673 −10.2 −47.0 1.8 1.9 2.09 +0.31 −0.76 2 4 T
CS 22948-093 6609 4.2 −3.17 364.3 0.3 327.631 −41.130 −18.4 −20.3 2.1 1.9 1.69 · · · · · · 0 0 O
CS 22956-050 4844 1.6 −3.39 −0.1 1.0 329.524 −65.224 −2.4 −3.1 2.1 2.2 11.91 +0.27 −0.78 2 4 I
HE 2158-0348c 5150 2.4 −2.57 67.6 1.5 330.167 −3.570 12.4 −11.1 3.8 3.8 8.83 +1.87 +1.75 3 3 s 1100 U
BS 17569-049 4645 1.1 −2.84 −213.1 1.0 331.243 4.026 0.6 −4.4 3.8 3.8 11.61 −0.12 +0.20 2 2 I
HE 2202-4831 5331 3.0 −2.78 56.2 0.5 331.524 −48.281 −5.7 −8.5 1.8 2.0 5.60 +2.41 −1.28 3 4 no 1100 I
CS 22965-054d 6137 3.7 −3.10 −282.3 0.3 331.626 −2.543 26.0 0.0 1.0 3.0 2.30 +0.62 < −0.48 2 4 no 0100 T
HE 2209-1240 6319 3.8 −2.59 22.1 1.5 332.953 −12.429 13.0 −14.4 4.5 2.4 3.06 · · · −0.13 0 4 I
CS 22892-052 4825 1.5 −3.03 13.0 0.8 334.257 −16.658 8.9 −4.2 1.8 3.8 7.33 +1.05 +0.96 3 2 0011 T
CS 22886-042 4798 1.5 −2.83 −221.4 0.1 335.108 −10.389 5.0 −6.4 4.0 4.0 7.80 +0.12 −0.32 2 4 I
CS 29502-042 5039 2.1 −3.27 −138.1 1.0 335.453 2.479 −1.8 −7.7 3.7 3.7 3.47 +0.16 −1.69 2 4 I
CS 29502-092 5074 2.2 −2.99 −68.7 0.2 335.650 −1.641 11.7 −72.4 1.7 1.7 1.85 +0.96 −1.20 3 4 no 1100 O
HE 2221-0453c 4430 0.7 −2.00 −189.9 0.1 336.107 −4.634 2.2 −9.6 2.9 2.9 15.71 +1.83 +1.76 3 3 s 1100 U
CS 29516-024c 4637 1.0 −3.05 −84.3 1.0 336.564 2.863 −1.6 −39.7 3.7 3.7 13.04 −0.06 −0.90 2 4 U
HE 2228-0706 5003 2.0 −2.78 −11.7 0.1 337.852 −6.848 −5.3 −14.2 1.6 1.6 4.61 +2.32 +2.46 3 3 s 1100 I
HE 2232-0603 6085 3.8 −1.46 −61.2 1.5 338.698 −5.805 2.4 −20.7 4.4 4.4 3.62 +1.22 +1.50 3 3 s 1100 I
CS 29491-053 4700 1.2 −3.03 −147.5 1.0 339.235 −28.518 1.8 −9.9 1.4 1.5 8.85 −0.27 −0.89 2 4 I
HE 2246-2410 6431 4.4 −2.96 −3.1 1.8 342.249 −23.911 2.0 −28.0 1.0 3.0 1.48 < +1.39 < −0.30 1 4 I
HE 2247-7400 4829 1.6 −2.87 5.7 0.5 342.831 −73.740 −2.6 −0.4 1.4 1.4 7.88 +0.70 −0.94 3 4 no 1100 I
CD-24:17504c 6236 3.7 −3.38 135.9 1.0 346.834 −23.877 202.0 −185.8 2.3 1.6 0.70 · · · < −0.59 0 4 U
CS 22888-031 6241 4.5 −3.31 −125.1 0.3 347.885 −35.445 58.0 −27.7 1.6 1.6 0.94 +0.38 · · · 2 0 I
CS 30338-089 4886 1.7 −2.78 −113.1 0.1 348.958 10.324 3.5 0.4 3.7 3.7 9.43 +2.06 +2.30 3 3 s 1100 I
HE 2323-0256f 4958 1.8 −3.97 −125.8 1.3 351.624 −2.666 5.1 −3.3 3.8 3.8 7.50 +1.06 −0.52 3 4 no 1100 I
HE 2330-0555c 4867 1.6 −2.98 −235.0 0.1 353.228 −5.647 5.5 −14.1 4.1 4.1 11.90 +2.09 +1.17 3 3 s 1100 U
CS 22966-011 6298 4.4 −3.02 −13.5 0.3 353.779 −30.382 34.1 −43.4 2.4 1.5 0.87 +0.45 −0.05 2 4 I
CS 22952-015 4824 1.5 −3.44 −19.2 0.8 354.370 −5.799 3.4 −10.7 4.0 4.0 7.89 −0.41 −1.33 2 4 I
HE 2341-2029h 6507 4.3 −2.60 −83.0 1.5 356.082 −20.222 25.8 −16.9 3.6 3.5 2.41 +1.05 −0.42 3 4 no 1100 I
CS 29522-046 5974 3.7 −2.12 −106.8 0.2 356.249 8.781 85.1 −4.7 2.2 2.2 0.71 +0.42 −0.13 2 4 I
HE 2344-2800 6624 4.1 −2.65 −135.8 1.0 356.685 −27.736 −5.4 −33.0 1.6 1.7 1.70 · · · −0.37 0 4 I
CS 22966-057 5364 3.1 −2.43 101.2 1.0 357.241 −29.656 4.5 −34.9 1.6 1.4 2.77 +0.06 −0.24 2 4 I
CS 29499-060 6595 4.1 −2.50 −58.7 0.3 358.418 −26.979 60.7 15.7 1.5 1.4 0.77 +0.38 · · · 2 0 I
HE 2356-0410g 5170 2.5 −3.19 −61.5 1.5 359.805 −3.897 8.2 −22.6 3.9 3.9 3.53 +2.27 −0.80 3 4 no 1100 I
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TABLE 2
PARAMETERS FOR THE SAMPLE OF YONG ET AL. (2013)
Name Teff log(g) [Fe/H] Vrad σVrad RA DEC PMRA PMDEC σPMRA σPMDEC d [C/Fe] [Ba/Fe] C Ba CEMP Sample Member
(K) (km s−1) (km s−1) (deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (kpc) Class
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
NOTE. — In column (16) the identifier “C” is a flag indicating the following:
C = 0: No carbon is detected (carbon-unknown).
C = 1: Carbon measurement indicates upper limit on [C/Fe] > +0.7 (carbon-indeterminate).
C = 2: Carbon measurement indicates [C/Fe] < +0.7 or upper limit on [C/Fe] indicates [C/Fe] < +0.7 (carbon-normal).
C = 3: Carbon measurement indicates [C/Fe]≥ +0.7 or lower limit on [C/Fe] indicates [C/Fe] > +0.7 (carbon-enhanced).
In column (17) the identifier “Ba” is a flag indicating the following:
Ba = 0: No barium is detected (barium-unknown).
Ba = 1: Barium measurement indicates upper limit on [Ba/Fe] > 0.0 (barium-indeterminate).
Ba = 2: Barium measurement indicates 0.0 < [Ba/Fe] < +1.0 (barium-normal).
Ba = 3: Barium measurement indicates [Ba/Fe]≥ +1.0 (barium-enhanced).
Ba = 4: Barium measurement indicates [Ba/Fe]≤ 0.0 or upper limit on [Ba/Fe]≤ 0 (barium-deficient).
Column (18) indicates the adopted CEMP-subclass (CEMP-s or CEMP-no); column (19) indicates the assignment into the sub-sample used for the kinematic analysis in the form of a 4 digit code, with each digit set to 1 if the star is a member
of the sub-sample, 0 if not, in the order – Strict Sample (SS), Extended Sample (ES), CEMP star without sub-class assignment in Strict Sample (CSS), and CEMP star without sub-class assignment in Extended Sample (CES); column (20)
indicates the halo component into which stars with kinematic information have been assigned based on the criteria described in the text. “O” indicates outer halo, “I” indicates inner halo, “T” indicates the transition zone, and “U” indicates that
the star was unclassified (star is on an unbound orbit, or is missing the information required for making this assignment).
a This star does not have a well-measured distance available.
b This star does not have a well-measured proper motion available.
c This star is unbound from the Galaxy, according to its derived orbital parameters.
d Likely CEMP (0.5≤ [C/Fe] < +0.7); CEMP-s ([Ba/Fe]≥ +0.8); CEMP-no (0.0≤ [Ba/Fe] ≤ +0.3, or based on pattern of light-element abundances).
e Likely CEMP-no based on the luminosity criteria of Aoki et al. (2007) and the observed [Ba/Fe] ratio.
f CS 22949-037
g CS 22957-027
h Elemental abundances taken from Cohen et al. (2013)
i Elemental abundances taken from Roederer et al. (2014)
j This star is also in the Aoki et al. sample – CS 29527-015 = 2848-54453-252; 53327-2044-515 = 2044-53327-515; 54142-2667-094 = 2667-54142-094; 53436-1996-093 = 2036-53446-324
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TABLE 3
KINEMATIC MEMBERSHIP SUMMARY
Member Total no s
Total Kinematic Sample
O 46 · · · · · ·
I 190 · · · · · ·
T 65 · · · · · ·
U 22 · · · · · ·
CEMP Kinematic Sample
O 12 (20) 6 (14) 6 (6)
I 37 (48) 16 (27) 21 (21)
T 5 (10) 0 (3) 5 (7)
U 10 (10) 2 (2) 8 (8)
NOTE. — The column labeled “Member” indicates the halo component into which stars with kinematic information have been assigned, based on the criteria described in the text.
“O” indicates outer halo, “I” indicates inner halo, “T” indicates the transition zone, and “U” indicates that the star was unclassified (unbound orbits). The upper section of the table
pertains to the Total Kinematic Sample of program stars, including those without measurements of carbon available, or that are simply C-normal. The lower section pertains to the
CEMP Kinematic Sample, including only stars that are considered C-enhanced. The first number in each column pertains to stars in the SS, the second number (in parentheses) in each
column pertains to stars in the ES.
